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CUTS PISTON HEIGHT UP TO ’4" 


Perfect Circle’s newest development in piston ring design 


Now, by combining the intermediate compression ring and 
oil ring, Perfect Circle makes possible a reduction of up toa 
full 1/4” off piston and engine block height. And, the new 
Perfect Circle ‘'101’’ Twin-Ring cuts piston weight, as well as 
total engine weight. By reducing the total number of ring 
elements per piston, it also reduces total ring friction up to 10%. 

These advantages are obtained without sacrificing either oil 
control or compression seal. And, the new Perfect Circle ‘'101’’ 
Twin-Ring is easily adaptable to current production assembly 
methods and equipment. 

This new development—another Perfect Circle ‘‘first’’— 
opens new areas for piston design. Full information for 


specific applications furnished on request. 


PERFECT “. CIRCLE 


PISTON RINGS +: PRECISION CASTINGS - POWER SERVICE PRODUCTS +: SPEEDOSTAT 
HAGERSTOWN, INDIANA + DON MILLS, ONTARIO, CANADA 
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Army fuel cell projects | a 

The Army’s 20 or more fuel cell projects form a balanced program 
aimed at uncovering successful applications for the future. (Paper No. 
179B) —S. J. Magram and B. R. Stein 


Step gas bearings for aircraft accessories a 


Step gas bearings are a promising development for aircraft accessory 
equipment. They support heavy loads under most rigorous conditions 
and are simple to produce. (Paper No. 176C) —C. R. Adams 


Automatic vehicle control on highways 32 


GM Research’s auto-control system reaches working model stage. 
Practical application now hinges on development of reliable mechanical, 
electronic equipment. (Paper No. 151A) — Harold M. Morrison, Albert F. 
Welch, and Eugene A. Hanysz 


How Soviet jets compare 36 

Soviet jet transports are compared with other well-known jets of the 
world, in the table included with this article. (Paper No. S235) —S. D. 
Browne 


Computers analyze drivetrain design 38 


Computers are picking out drivelines most likely to have vibration 
problems. They’re determining the effect of variations in length, weight, 
and stiffness of the train. ‘(Paper No. 127C) —S. E. Staffeld 


r . 
Are world’s compacts in a horsepower race ? 41 
This article —the last in a series of three — details the data and 
trends which lead the author to conclude, “The current scramble for 
more power has started among the compact car makers... both in the 
United States and in Europe.” ‘(Paper No. 152B) — John R. Bond 


Pebble bed reactor for space vehicles . 46 


Pebble bed reactors are an interesting possibility for use in nuclear 
space vehicles during the next 10 years. (Paper No. 165B) — Myron M. 
Levoy and John J. Newgard 


Break-throughs in materials handling 51 


Materials handling begins with the vendors plant and ends with the 
delivery of a product to its user .. . and modern analytical techniques 
are helping to get optimum results along many steps of the way. (SP- 
330) — Edward J. Hayes 


Gas turbines may power off-highway vehicles 52 


With small, lightweight, 1000 hp-and-up gas turbines now available, 
a new generation of highly mobile, off-the-highway vehicles may be 
born. Such vehicles, extending the present range of mobile vehicles to 
larger capacities, could exploit the light weight and small size of these 
turbines to the limit. (Paper No. S239) — John M. Stevenson 


Ceramics help solve rocket problems ....... 54 


Bodies and coatings made from ceramics are successfully replacing 
other materials in rockets. Typical solutions to rocket material prob- 
lems are given. (Paper No. 168B) — William T. Monagle 


To order papers on which articles are based, see p. 6. Continued on page 2 
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Readying crew stations for near-space ships 63 


Human engineering aims to integrate man, not to accommodate him, 
in the man-machine relationship. (Paper No. 173B) — Major John A. 
MacDonald 


Multivariable investigations simplified 65 


Statistical design techniques which have been developed in the last 15 
years can greatly simplify multivariable investigation. These techniques 
reduce the experimenter’s work in (1) selecting the area of interest ina 
complex study, and (2) exploring it intensively. ‘(Paper No. 116A) — 
W. J. Youden 


Axle, transmission lube needs compared 68 

There are marked differences in the lubrication requirements of a 
motor truck transmission and rear axle. Before a single lubricant can 
be developed which meets the requirements of both components, the dif- 
ferences in requirements must be investigated in respect to various con- 
ditions. (Paper No. 192C) — R. K. Nelson and L. J. Valentine 


. . ’ 
Airlines don't want Mach 3+ transports 70 
The airlines are being told by several manufacturers that the only 
thing to buy is the Mach 3 or 3+ airliner. Why this number? Was it 
chosen for or by the airlines? It was not. No airline engineer wants it. 
(Paper No. 166A) — B. S. Shenstone 


Controlling noise in unitized-body cars 72 


Noise is the least predictable factor in the design of suspensions and 
their attachments to unitized bodies, but it can be controlled by varying 
both isolation and tuning. Moreover, the amount of insulating material 
needed to silence unitized cars is no greater than that needed for body- 
to-frame cars. (Paper No. 143A) —F. R. Kishline 


Materials for high-temp, dry bearings 74 

Materials compatability is a major factor in the successful operation 
of high-temperature, dry, roller-element bearings. It is also important 
to get the right design and limit both loads and speeds. ‘Paper No 
176D) — William J. Anderson and Edmond E. Bisson 


Infrared pyrometer reads engine gas temp 76 

An infrared pyrometer, utilizing water vapor as the sensing medium 
and the null method of data recording, is capable of measuring gas tem- 
peratures under ideal conditions within +5 deg R, and in an engine 
within +20 R. (See box on page 77) 


Uses expand for high-temp gas carburizing 78 

Test case shows potentials. Economics involve temperature, case 
depth, heating-cooling time, and net-to-gross furnace load. (Paper No. 
149B) — Orville E. Cullen 


CW rotating combustion engine 80 

Development of the CW single-rotor rotating combustion engine re- 
quired the design of suitable systems for: cooling, ignition, and sealing. 
(Paper No. S236) — Roy T. Hurley 


Aircraft, missile alloys hard to machine 86 
Comprehensive study of the metal-removal properties of alloys cur- 
rently used in aircraft and missiles. (Paper No. 160A) — Michael Field 
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(Paper No. 200A) 
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stage 
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Minimizes Electric Mo/s7or No/se / 


In New Departure’s full-time noise analysis 
program, a unique sound booth and special 
electronic sound level equipment are used to 
pinpoint and evaluate electric motor noise. 
Inside the booth, a condenser microphone picks 
up air-borne noise from the running motor. 
Outside, the signal is electronically registered 
and recorded. 


y changing one variable at a time, such as 
bearing or mounting design, or lubricant, N/D 
engineers are able to select the proper com- 


hr 


N/D sound booth for analysis of electric motor 
noise, mounted on springs and constructed 
with non-parallel walls, assures manufacturers 
a scientific solution to electric motor noise 
problems. Motors are tested with special 
electronic sound evaluation equipment. 


bination that results in the quietest motor 
operation. That’s why you’ll find New Depar- 
ture precision ball bearings specified for electric 
motors to be used in quality home appliances, 
instruments, fans, hand tools and other appli- 
cations ... for greater consumer sales appeal. 
If you have an electric motor noise problem, 
contact the N/D Sales Engineer in your area. 
For additional information call or write New 
Departure Division, General Motors Corpora- 
tion, Bristol, Connecticut. 


_— 
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BALL BEARINGS 
proved reliability you can huild around 
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Webster hydraulics raise production, lower costs 


Two ton push-up! Second story operators like pressures to 5000 psi. 
this powerful lift truck speed material handling 
and construction — save time, money. Thanks 
to hydraulics! Fingertip control raises the 
load, lowers it — tilts it forward or back. And 
a Webster Directional Control Valve channels 
the action. Deftly. Accurately. 

Where space is at a premium — this versatile 
valve fits in. It’s the smallest size for rating! 
Operating pressures range to 2000 psi, shock 


.. with lowest back pres- 
sure. Inlet and outlet connections can be made 
from the same end to simplify hook up. And 
it’s provided with alternate porting positions. 
Sizes from single spool to 6 spools; capacities 
from 20 to 40 gpm. Parallel design permits 
control of up to 6 independent circuits ! 

Build construction equipment? Machines for 
industry or agriculture? Keep this Webster 
Directional Control Valve in mind 


ee ee ee 


OIL HYDRAULICS DIVISION 


WEBSTER V7, ELECTRIC 


as 


ee RACINE-wis 


STACK TYPE 
DIRECTIONAL CONTROL VALVE 
B jietin RY ] contains ympiete engineering 


nstallation, performance 


ation Write for it 
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FUELS & LUBRICANTS 
Effect of Oil Change Interval on 
Low-Temperature Wear and Deposit- 
Forming Characteristics of Crankcase 
Oils, D. W. GOW. Paper No. 8-233. 
A program was undertaken to evaluate 
the low-temperature corrosive wear 
resistance of oils when new and after 
being used in service for several mile- 
age intrevals. Results show that: (1) 
ability of MS oils to combat low-tem- 
perature corrosive wear is significantly 
reduced when oils are used for extended 
mileages;: (2) While most MS oils tested 
gave similar protection against 1-t cor- 
rosive wear when new, some lost their 
effectiveness more rapidly than others 
as mileage was accumulated; (3) when 
used for extended periods, the capabil- 
ity that MS oils have for providing pro- 
tection against the formation of 1-t 
engine deposits is reduced markedly. 


GROUND VEHICLES 

Compact Cars by American Motors, 
R. F. JENSON. Paper No. 8-231. Dis- 
cusses why Americans are turning, in 
increasing numbers, to compact cars; 
and the philosophy behind American 
Motors concept of such cars. Covers 
problems involved in designing cars 
with minimum overall length; design 
features of Rambler; effect of weight 
on performance. 


All Trucks Can Be Diesel — Fact or 
Fancy, E. R. KLINGE. Paper No. 
S-237. Covers: the diesel-engine mar- 
ket: essential characteristics of diesel 
engines: a simple economic analysis 
for diesel-engine application; hypothe- 
tical application of diesel engines, in- 
cluding future diesel engines. 


Electrical Remote Control Systems 
— Their Application and Advantages, 
J. T. OSTERMAN. Paper No. S-238. 
Discusses the opportunities for design 
freedom, operational ease, and cost 
saving potentially available with elec- 
tric controls. Such systems utilize 
static or dynamic sensing devices, sig- 
naling electric power multiposition ac- 
tuators, or electric-hydraulic trans- 
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ducers. Several typical sensing devices 
are also described, such as transistor- 
ized electronic rate meter and differ- 
ential presure switch. 


Place of Gas Turbine in Off-Highway 
Equipment, JOHN M. STEPHENSON. 
Paper No. S-239. With small, light- 
weight turbines now available deliver- 
ing 1000 hp and up, author says a new 
generation of large, highly mobile ve- 
hicles can be built that have hardly 
been possible at all with piston engines. 
Paper summarizes the engine and 
transmission characteristics that the 
author believes will be required by these 
new vehicles; then describes what some 
of them might look like. 


Computers and Earthwork, BASIL 
MIKHALKIN. Paper No. 8-240. Dis- 
cusses how computers are being used 
in the design of highways. Author 
forsees the day when we will have al- 
most automated highway design. All 
of the standard design work will be 
done by computer, and only the ex- 
ceptional nonstandard cases will be 
handled by manual computations. 


Cold Starting Diesel Engines with 
Low Voltage Ignition, I. P. ATWELL, 
W. P. BRUMBACK, and W. R. MAN- 
THEY. Paper No. 8-241. The feasi- 
bility of starting diesel engines at -25 
F, using JP-4 fuel, by means of low 
voltage ignition, is discussed. Au- 
thors report that, although results of 
the study indicate a definite potential 
for application of low voltage ignition 
to cold starting of diesels, the work has 
not progressed sufficiently for cost 
analysis or finalized system design. 
Work on the program is continuing. 


High Durability Electrical Equip- 
ment for Earthmovers, W. C. ED- 
MUNDSON. Paper No. 8-243. Dis- 
cusses what is being done about the 
problem of building reliable electrical 
equipment for earthmoving machinery. 
Author shows what has become avail- 
able recently, and is already adopted 
in some quarters, and proposals that 
have been evaluated and are ready to 
be promoted to the user. 


Gas Turbine Power for Earthmoving 
continued on p. 6 
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Vehicles, LEONARD J. NUTTALL and 
MANNING L. BALCOM. Paper No. 
S-244. General Electric Model 720 
gas turbine is considered as prime 
mover for earthmoving, aircraft, ma- 
rine, industrial, and military tracked 
vehicle applications. 


When Does Guaranteed Maintenance 
Fit into Fleet Operation, ROBERT 
HAMILTON. Paper No. 8-246. De- 
scribes what guaranteed maintenance 
is, to whom it might apply, how the 
agreement and rate are established, 
manufacturer’s and owner’s responsi- 
bilities, and benefits. 


Use of Diesel Power in Taxicab Op- 
eration, DAVID N. VIGER. Paper No. 
S-248. Discusses reasons why diesel 
is suitable for taxicab operation. In- 
cludes brief specs for Perkins P4C die- 
sel; also compares fuel and repair costs 
for typical Plymouth taxi, both diesel 
and gasoline powered. 


Developing Tires for Land Speed 
Record Car, E. W. McMANNIS. Paper 
No. 8-249. Covers steps taken to de- 
velop Land Speed Record (LSR) tires 
for Mickey Thompson's Challenger 
car, which established the American 
land speed record of 363.67 mph, and 
four new international records last 
fall on Bonneville Salt Flats. 


Suspension Design for Single Unit 
Construction, F. R. KISHLINE, T. M. 
LAWLER, Jr. Paper No. 143A. Sig- 
nificant observations based on experi- 
ence of American Motors Corp., ex- 
emplifying solutions to problems in 
development of front and rear suspen- 
sions for unitized cars; factors relating 
to ride, handling, shake, durability, 
and noise as affected by suspension de- 
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sign; road noise, tire thump, and tire 
roughness are principal noises influ- 
enced by front suspension design; iso- 
lation and tuning techniques. 


Dimensional Effects on Noise and 
Vibration in Unitized Construction, F. 
J. HOOVEN. Paper No. 143B. Prob- 
lems of controlling noise and vibra- 
tion; examination of design features 
incorporated for this purpose in Lin- 
coln and Falcon cars produced by Ford 
Motor Co.; methods of noise and vi- 
bration analysis; application of body 
frame electrical and mechanical ana- 
log; evaluation of various types such 
as front and rear suspension noise 
problems, axle gear noise, and engine 
and propeller shaft vibrations; engine 
bending oscillations; difference in 
treatment of two cars. 


Control of Noise and Vibration in 
Unibody, J. R. FARNHAM. Paper No. 
143C. Changes involved in transition 
from frame type cars in 1960 Unibody 
cars produced by Chrysler Corp. most 
important being elimination of dis- 
turbing sounds and vibrations in pas- 
senger compartment; steps taken for 
areas which required improvement, viz, 
suspension isolation, rear axle noise, 
engine mounts and driveline; speaker 
panel test employed to determine ac- 
tual areas inside confines of passenger 
compartment where road noise is more 
audible. 


Suspensions from Ground Up, C. M. 
RUBLY. Paper No. 143D. Develop- 
ment of new tire and compatible rim to 
help suspensions overcome handling 
deficiencies of rear engine car Chev- 
rolet Corvair; design of front and 
swing axle independent rear suspen- 
sion and its attachment to integral 
body; outstanding aspects of swing 
axle with regard to roll couple dis- 
tribution front to rear; body structure 
and relative stiffness obtained. 


Analysis and Simulation of Automo- 
bile Ride, R. H. KOHR. Paper No. 
144A. Servo-controlled motion simu- 
lator which can seat two passengers, 
developed by General Motors Corp. for 
use in ride analysis, takes into account 
road, car, and passenger; ride simulator 
is composed of tape recorder to provide 
road wave inputs into system; analog 
computer takes in signals from tape 
recorder and, from these inputs to car’s 
suspension, determines what car body 
motions would result; motion simula- 
tor reproduces body motions deter- 
mined by computer; details of compo- 
nents. 


Bodies in Which We Live, 
JACKSON. Paper No. 146A. Paper 
deals with physiological aspects of 
heating, cooling and ventilating auto- 
mobile; human body as heat transfer 
device; conditioned air requirements: 
most important factors affecting hu- 
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continued on p. 94 
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GIANT 


AT WORK 


on 
Double Diamond 
Gears 


EATON 
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This huge, continuous, carburizing, 
hardening and draw furnace now 
permits even greater instrument 
control in heat treating DOUBLE 
DIAMONDS for maximum wear 
resistance and load-carrying ca- 
pacity. So far as we can discover no 
more efficient furnace could be 
installed to achieve the quality 
characteristics our gear customers 


have come to expect. 


At your request, our gear engineers 
would be pleased to describe this 
process in greater detail and to ex- 
plain, as well, what our recently 
expanded facilities can mean in 
terms of this pledge: “DOUBLE 
DIAMOND Gears offer the ad- 
vantages of lower installed cost and 
economical and dependable service 
on the job... gears that do credit 


to your product and reputation.” 


AUTOMOTIVE GEAR DIVISION 


MANUFACTURING COMPANY 
RICHMOND, INDIANA 


GEARS FOR AUTOMOTIVE, FARM EQUIPMENT AND GENERAL INDUSTRIAL APPLICATIONS 
GEAR-MAKERS TO LEADING MANUFACTURERS 











Kw from Goodyear, is the finest rim available 
for today’s over-the-road driving needs. 

Called the JOB-MASTER, this new rim gives 
you two important firsts: the first rim designed 
to fit properly all flat-bead tires —the first 
designed to seal out all foreign matter. 

THE JOB-MASTER also provides these worth- 
while and practical advantages: 


st Advance in 





FITS ALL TYPES OF WHEELS — adaptable to disc, 
cast and fabricated wheels. 


LONGER RIM LIFE —seals out water, salt, grit, 
ashes, etc. (Corrosion and erosion reduced to 
absolute minimum. ) 

TRUER RUNNING PERFORMANCE-—virtually elim- 
inates those old tire foes, “wobble” and “hop”— 
lateral and radial runout. 


Buy and specify RIMS by c és av be 
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B Over-the-Road Rim Design 
in lo years The New 
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BETTER BALANCE AND ALIGNMENT—flange-and- 
bead seat are integral piece, insuring concentric 
fit under both beads. 

LONGER UNINTERRUPTED SERVICE~—lessens road 
delays, delivers more miles, lowers cost-per-mile. 


Find out now how this long-awaited develop- 
ment can help solve and simplify your rim prob- 
lems. For complete information, write the 
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Goodyear Rim Sales Engineer. Address: 
Goodyear, Metal Products Division, Akron 16, 
Ohio, or get in touch with your local Goodyear 
Rim Distributor. Remember—lots of good things 
come from Goodyear. 

Send for Free 


Goodyear Rim Catalog— 
84 pages of facts 





and pictures on Goodyear’s 
I ante, Dee GOopsVEaR 
complete line of rims 
for every type of vehicle. ae 3 
More tons are carried 
on Goodyear Rims 
than on any other kind 
Job-Master—T.™M. The Goodyear Tire & Rubber Company, Akron, Ohio 
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s how much Dust 
; can a filter 
s collect? 





UP TO 99.99% 


Microscopic barbs on the live fibers of 


* * 
if if USES Felt make felt the ideal filtering medium. 


These scales collect and hold dust parti- 


i cles. They also encourage “build-up” or 

WE STEER? fe iT: caking which actually increases filter effi- 
ciency. At the same time, their natural 
interlocking action holds fibers tightly 

Such efficiency is possible in a Hersey reverse- together, through years of flexing. 

jet filter with particle size of 5 microns and a For helpful engineering information on filtration 

felts, write 





pressure drop of 1% inch of water. 


Felt can be used to filter solids from solids, WE STE NM 





solids from liquids, or solids from gases. It is ows $ ot . 
used effectively in fuel filters, air filters, 4021-4139 Ogden Ave. 

: ’ : Chicago 23, lil. We © Rg be 
chemical filters, respirators, or dust collectors. 


MANUFACTURERS AND CUTTERS OF WOOL FELTS 
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engineering help 
fast delivery 
uniform quality 
special compounds 








National’s District Field Offices give you fast service on O-Ring 
engineering problems and O-Ring procurement. You talk with seasoned 
field engineers equipped with the latest O-Ring information and backed 
up by the plants of one of America’s largest sealing products manufac- 
turers. National O-Rings are precision-made, uniform in quality, specified 
and used by leading equipment manufacturers across America. 


NATIONAL SEAL 


Division, Federal-Mogul-Bower Bearings, Inc. 
General Offices: Redwood City, California 
Plants: Van Wert, Ohio; Redwood City and Downey, California 


CALL YOUR NATIONAL FIELD ENGINEER 

Atlanta 8, Georgia: George W. Smith Company, 394 Williams St., N.W., JAckson 3-7140; Chicago (Franklin Park) Illinois: 
10013 West Grand Ave., Gladstone 5-4420; Cleveland 18, Ohio: 210 Heights Rockefeller Bidg., 3091 Mayfield Road at 
Lee, YEllowstone 2-2720; Dallas 19, Texas: Benson Engineering Company, 2514 West Mockingbird Lane, FLeetwood 
2-7541; Detroit 27, Michigan: 13836 Puritan Avenue, VErmont 6-1909; Indianapolis 5, Indiana: 2802 N. Delaware St., 
WAinut 3-1535; Kansas City (Prairie Village) Kansas: Benson Engineering Co., 2902 West 72nd Terrace, ENdicott 
2-2843; Los Angeles (Downey) California: 11634 Patton Road, TOpaz 2-8163; Milwaukee 4, Wisconsin: 647 W. Virginia 
Street, BRoadway 1-3234; Red Bank, New Jersey: 16 Spring Street, SHadyside 7-3242; Wichita, Kansas: Benson 
Engineering Company, 519 So. Broadway, AMhurst 2-6971 
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Complete straight air... air/hydraulic 
... hydraulic braking systems 
FOR HEAVY-DUTY VEHICLES 


When you specify braking systems for heavy-duty or air-over-hydraulic brakes. The two new compo- 
vehicles, you can choose the system best suited to nents and the time-proven rotary air compressor 
your needs, and get the complete system from shown below point out the product development 
Ww agner. Only Wagner can supply components for and the years of experience that have kept the name 
all braking systems— everything from actuating sys- Wagner Lockheed first in braking for many years. 
tems to foundation brakes for straight air, hydraulic, 


ai rae ace Ss SES - 


HEIGHT CONTROL 
VALVE 


Used with vehicles equipped 
with air suspension to keep the 
floor height constant despite variations in loading. 
Efficient air usage sharply cuts compressor pumping 
time—lengthens compressor life. 


AIR CAM 
BRAKE 


Designed for 

outstanding per- 

formance, this brake is com- : 

pletely interchangeable with - ROTARY AIR COMPRESSOR. Proved by 
Wagner Lockheed hydraulic ; billions of miles of low maintenance service on 
foundation brakes. Stand- : thousands and thousands of vehicles. It provides 
ardization on Wagner brakes Hs ‘ all the advantages that only rotary compression 
can simplify vehicle assem- Ts p can bring: rapid pressure recovery .. . cooler 
bly lines—reduce inventories a F operation . . . smoother operation . . _ quieter op- 
on axles—speed production. eration and longer operating life. 


CONSULT YOUR WAGNER AIR BRAKE SPECIALIST 


Let him help you with your specifications, and also 
ask him about the engineering consulting service 
available from Wagner. 


Wagner Electric @rporation 


6378 PLYMOUTH AVENUE, ST. LOUIS 33, MISSOURI 


wKk60-3 


LOCKHEED BRAKE PARTS, FLUID, BRAKE LINING ond LINED BRAKE SHOES © AIR HORNS © AIR BRAKES * TACHOGRAPHS © ELECTRIC MOTORS + TRANSFORMERS + INDUSTRIAL BRAKES 
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Wherever in the world your heavy-duty diesels operate... 


Other outstanding 
Shell Industrial Lubricants 
Shell Tellus Oils — for hydraulic systems 
Shell Talona R Oil 40—anti-wear crankcase 
oil for diesel locomotives 
Shell Alvania Grease — multi-purpose in- 
dustrial grease 
Shell Turbo Oils—for utility, industrial and 
marine turbines 
Shell Dromus Oils—soluble cutting oils for 
high-production metalworking 
Shell Macoma Oils — for extreme pressure 
industrial gear lubrication 


Shell Voluta Oils — for high-speed quench 
ing with maximum stability 





Around the world, Shell Rimula 
Oil is available—under the same 
brand nameand providing the same 
efficient lubrication that your dom- 
estic customers rely upon. 
Rimula® Oil is a heavy-duty oil 
that provides the finest crankcase 
lubrication for today’s super- 
charged diesels. It has proved more 
than a match for the greatly in- 
creased engine ratings, high temper- 


Rimula Oil is there 


atures and pressures encountered 
in modern diesel operation. Rimula 
Oil successfully resists every de- 
structive force that tends to accel- 
erate engine wear. 


The next time your specifications 
call for a heavy-duty crankcase oil, 
we suggest you order Shell Rimula 
Oil. Write or call today for com- 
plete information. 


SHELL OIL COMPANY 


50 WEST 50TH STREET NEW YORK 20, N.Y. 
100 BUSH STREET SAN FRANCISCO 6, CALIFORNIA 
IN CANADA: SHELL OIL COMPANY OF CANADA, LIMITED 
505 UNIVERSITY AVENUE TORONTO 2, ONTARIO 


AN INTERESTING FACT! 


Every Shell Branded Industrial Lubri 
cant is named for a sea shell Shown 
here is the Rimula exquisita 
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CAE invites your inquiries, and 

points to past performance as 

the best indication of what it 
can do for YOU. 


BEHIND 1 
ARE OPE! 


7 


When you entrust a resear ch @ gevelopment project to CAE, 
you tap a vast reservoir of specialized experience—enlist technical 
knowhow of a very special sort. CAE’s record of accomplishment 
is typified by, but by no means limited to, the six units shown at 
the right. Physical facilities implementing its skills are unsurpassed. 
They include modern-to-the-minute laboratories—computing, elec- 
tronic, chemical, metallurgical, fuel metering, stress, and compo- 
nent testing—complete environmental facilities—equipment amply 
adequate for all phases of the job. 


CAE is also equipped for a wide variety of sub- 
contracting operations. Detailed information about 
its production facilities will be sent on request. 


12700 Kercheval Avenue - Detroit 15, Michigan 
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“Spring” stays in wheel covers 
made from Armco Stainless Steel. 
no matter how often they are put 
on and taken off. No need to rein- 
force, either. As formed, they stay 
strong and rigid. 

Impacts that easily damage softer 
metals won't put stainless out of 


Armco Stainless 
Keeps Its Spring, 
Helps Keep Dents 
UT hia ey les 


shape. With no chemical surface / New Steels are 
preparation, wheel covers of Armco born at 


Stainless Steel withstand effects of 
rain, snow, and street chemicals. 
They are not affected by detergents 
and white wall cleaners commonly 
used at home and in car-wash 
stations. 

Lifetime service by millions of 
stainless wheel covers and hub caps 
is an excellent example of the con- 
tribution of stainless steels to bal- 
anced automotive design. Write for 
detailed information about Armco 
Stainless Steels. Armco Steel ¢ Orpo- 
ration, 2130 Curtis Street. Middle- 
town, Ohio. 


Car owners respect 
stainless steel. Show 
them where you use it Stainless 


with STEELMARK Steel 
labels and tags 


Armco Division + Sheffield Division * The National Supply Company * Armco Drainage & 
Metal Products, Inc. * The Armco International Corporation * Union Wire Rope Corporation 


SAE JOURNAL, JUNE, 1960 





ARLIN-ROCKWELL 
ELIABILITY 


OUNTS 


x” Ball Bearings 


load...ALL the Way 


2 in heavy- 
duty truck f 


Backed by G2 Years Experience 
Consult OUR Engineering Department on YOUR Bearing Problems 


MARLIN-ROCKWELL CORPORATION 


BALL AND ROLLER 
JAMESTOWN, NEW YORK ‘ 


SAE JOURNAL, JUNE, 1960 





Take SUSPENSE out of SUSPENSION 
h LEAF SPRINGS 


You can depend on leaf springs! 


In addition to prime function, their design characteristics — 


Cushion thrusts of ‘'starts’’ and “stops” 
Maintain alignment of springs, frame, and axles 
Contrrol load balance 

Minimize sidesway 


1 
Absorb shocks 


Simplicity, strength, dependability, and long wear 


are inherent in correctly engineered leaf springs. 


oie SINCE 1904 — ORIGINAL EQUIPMENT ON CARS, TRUCKS, CABS, BUSES, TRAILERS 
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After 31 years of continuous growth and 


We’re changing 


‘The Bendix 


To reflect our dynamic growth in such fields as 
electronics, missiles and space, automotive, weapons systems, 
computers, machine tools, instrumentation, nuclear technology, 
hydraulics, meteorology, electrical, marine and 
others, we are dropping “Aviation” from our 
corporate name on June 1, 1960. We do not wish to convey 
the impression that our products and skills are limited 
to the field of aviation alone, although aviation products 
accounted for billings of $388,700,000 in 1959. 


Today Bendix—through 25 divisions and 16 sub- 
sidiary and affiliate companies around the world — 
serves many fields. 

Our success in the rapidly expanding age of avi- 
ation has long obscured the fact that the Bendix® 
automobile starter drive was the company’s first 
major product. Bendix introduced the type of four- 
wheel brakes that over the years has been used on 
most makes of cars. Bendix also pioneered auto- 
motive power brakes and power steering. Our auto- 
motive business in 1959 totaled $114,300,000. 

A notable trend in Bendix’ recent history is the 
utilization of electronics in many of our major fields 
of activity. These range from automobile radios to 


aircraft and industrial communications and auto- 
matic flight controls . . . from electronic computers 
and data processing to numerical tape control 
systems for machine tools . . . and from transistors 
and ship-to-shore telephones to sonic cleaning and 
undersea sonar detection equipment. Approximately 
40% of Bendix products are electronic, including 
air defense radar which today guards 25 million 
square miles of the earth’s surface. 

Missile and space equipment accounted for 
$103,000,000 of our total business of $689,692,312 
in 1959. In addition to being the prime contractor 
for two important missiles, Talos and Eagle, we 
are also a supplier of components and sub-systems 
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diversification as Bendix Aviation Corporation... 


our name to 


Corporation 


el 


for most U. S. missiles. Bendix is likewise taking 
an active part in Project Mercury and in satellite 
communications. The first is the program to put a 
man into space. The second will mark a new era in 
communications by using a satellite in orbit as a 
relay station for global radio messages between 
earth stations and aircraft. 


ns 


ag 
5 
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Bendix also has a growing and diversified nuclear 
program. Since 1949 we have operated the Kansas 
City Division for the Atomic Energy Commission. 
It is a large manufacturing organization employing 
7,500 people engaged in the atomic weapons pro- 
gram. We also supplied control mechanisms for 
nuclear submarines and nuclear industrial power 
plants, and we are playing a part in developing 
the newest U. S. atomic power plants for aircraft, 
missiles and space vehicles. 

Thus, as we drop “Aviation” from our corporate 
name, but not from our programs, we face a 
tomorrow where the range of our opportunities 
is broadening at a breathtaking rate. 


CORPORATION 


A thousand diversified products 
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You'll make better connections with Western Brass , because brass 
is easily—and firmly—welded, brazed, or soldered. With Western Brass 
you have the added confidence that comes from working with metal- 
lurgical specialists who analyze your blueprints to guarantee that you 
get sheet or strip in the right alloy, temper, grain size, gauge, and finish. 
You’ll make it better with easy-to-bond brass. And you'll make it best 
with Western Brass—it's “tailor-made” to your individual requirements. 


KA OLIN MATHIESON + METALS DIVISION + EAST ALTON, ILL., NEW HAVEN, CONN. , 4Hlislown B RASS : 
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Piggyback trailer with underframe of USS High-Strength COR-TEN Steel fabricated by A.O. Smith Corporation. The trailer was built for the Wabash Railroad. 


It takes a stiff backbone to ride piggyback 


Piggyback trailers must take rough handling and abnormal loading—and while they need to be light for maximum 


payload, the frame must be extra strong to prevent damage. 

To solve this problem, USS Cor-TEN High-Strength, Low-Alloy Steel is used for the two 40’ long underframe 
side rails of these piggyback trailers. The steel was fabricated by the A. O. Smith Corporation, Milwaukee. USS 
Cor-TEN Steel has been used for trailer frames ever since it came out in the early 1930’s. It’s the best steel on the 
market for this type of application, especially where you are shooting for low maintenance costs and minimum 
repair demands. These are made possible because of Cor-TEN’s high resistance to atmospheric corrosion and 
additional strength. USS Cor-TEN offers a minimum yield point of 50,000 psi compared to 33,000 psi for the 
steel previously used. 

After the last war, the emphasis was on maximum load with minimum truck and trailer weight. But as mainte- 
nance and repair costs mounted, many members of the trucking industry realized that only steel could provide the 
strength necessary to maintain low cost service life for their trailers. USS Cor-TEN has solved the problem. 

For railroad cars. USS Cor-TEN Steel has long been used, not only to reduce dead weight and add strength, 

but also to provide extra life. Its atmospheric corrosion resistance is 4 to 6 times that 

of structural carbon steel. Paint lasts considerably longer on Cor-TEN Steel and 

resistance to fatigue and abrasion is high. USS MAN-TEN and TrI-TEN High-Strength 

Steels are two other brands that can help to reduce weight in your cars. For more 

information about all three USS High-Strength Steels, write to United States Steel, 525 

William Penn Place, Pittsburgh 30, Pennsylvania, or contact our nearest sales office. 

USS, COR-TEN, MAN-TEN and TRI-TEN are registered trademarks 
United States Stee! Corporation—Pittsburgh 
American Steel & Wire—Cleveland 
Columbia-Geneva Steel—San Francisco 
Tennessee Coa! & iron—Fairfield, Alabama 


United States Stee! Supply—Stee! Service Centers 
United States Stee! Export Company 


United States Steel 


This mark tells you a 
product is made of modern Stee 





Now you can get highest capacity 
at lowest cost with Torrington 


Needle Rollers 


A hardened shaft, a hardened housing, and precision Torrington 
Needle Roilers provide the most economical, highest capacity anti- 
friction assembly you can obtain. 

Six roller end shapes permit design flexibility whether the require- 
ment be maximum effective roller length, proper fillet clearances or 
greater lip retainment. Torrington Needle Rollers are available in a 
complete line meeting SAE and AFBMA specifications. Torrington 
standards for material, heat treat, tolerance and finish of Needle 
Rollers are the highest in the industry. 

Operating results with Needle Rollers depend on careful design of 
mating parts. Torrington’s Engineering Department, with extensive 
experience in Needle Roller application, will be glad to give you tech- 
nical advice on your needs. 


Full complement of small diameter 
rollers insures maximum number of 
contact lines in load zone for high 
radial capacity in minimum space. 


Mounted without 
races between hard- 
ened shaft and 
hardened housing 
(RC-60 recommend- 
ed), Torrington Nee- 
die Rollers allow 
largest possible 
shaft diameters. 
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Carefully hardened, ground and 
lapped high carbon chrome steel 
makes each Torrington Needle 
Roller a precision part for long life 
performance. 


Close tolerances are as- 
sured by stringent qual- 
ity controls. Standard 
OD tolerance is .0002”, 
but Torrington Needie 
Rollers can be supplied 
with tolerance of 
.00005”. Tolerance on 
length depends on end 
shape. 


\ 1i/ 
“ ~ 
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Fine finish reduces friction to a 
minimum. Torrington Needle Roll- 
ers are usually polished to 4-6 rms, 
but finishes as fine as 1-3 are avail- 
able on special order. 


progress through precision TORRINGTON BEARINGS 
THE TORRINGTON COMPANY Torrington, Conn. ¢« South Bend 21, Indiana 
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For Sake of Argument 


Authority .. . 


IT’S AXIOMATIC that authority must start at the top. Lines 
of operating authority must run downward ...and the man at 
the top is the boss. Ergo, the boss exercises the authority. 


Like most other pieces of apparently unassailable logic, this 
one leaks like a sieve when tested as a result-getter. The boss 
who doesn’t substitute the word responsibility for the word 
“authority” on his organization chart is in for rude awakening. 
Trouble may not Knock at his door next week, but it will get 
around sooner or later. 


“An executive must have the authority to act if he is expected 
to get a job done,” is a commonly heard truism. But he needs 
wisdom with which to make decisions more than the authority 
to make them. He needs ability to stimulate and guide a group 
to want to gain common ends. Authority to command a “right 
face” helps only a little. 


The boss needs capacity to spot potentially good ideas, how- 
ever ineptly communicated by his associates or subordinates. 
The authority to say ‘““No” can be a hindrance as well as a help. 


The boss whose subordinates are always chasing him for 
decisions, consultations, and assistance isn’t running his group, 
regardless of his organization-chart authority. At best, the 
group buffets him and each other in a zigzag course toward 
mutually understood goals. The sum of the buffeting forces — 
not the designated boss — is exercising the real authority. 


The man with capacity to supervise will rarely use the powers 
given him. Yet, he can’t fully exercise his capacity if somebody 
else has been given the authority. That’s why best results 
rarely come from attempts to bolster a weak executive by a 
strong assistant. And the ablest supervisors tend to think 
more of the responsibilities than of the authority given them. 


Authority, in brief, is a much overrated, but necessary tool 
for supervisory achievement. 


Yon Goce 
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T, add even more depth to its 
research and testing of brakes and 
power brakes, Bendix Products Divi- 
sion now operates a unique mobile 
laboratory to gather the most com- 
plete braking data ever assembled. 


Equipped with the latest in scientific 
brake test instruments, the Bendix 
Mobile Laboratory will travel more 
than 100,000 miles per "year making 
tests under all kinds of driving condi- 
tions, over all kinds of roads. It will 
thoroughly “road check”? new brake 
designs and developments in weather 
ranging from 30° below zero in Minne- 
sota to 110° in the Arizona desert. 


CAB OF TRACTOR in tractor-trailer combination 
carries supplementary instrumentation to that in trailer 
so that driver can maintain complete control in line with 
y test stop instructions given by engineers in trailer 









A PART OF LARGE FLEET of Bendix brake test vehicles 


Thisis BENDIX PRODUCTS DIVISION ... 


“LEADER IN BRAKE 
RESEARCH AND TESTING’ 
















BENDIX MOBILE LABORATORY prepares to take to the highway in the interests of 
better braking and greater highway safety. Aboard is every scientific instrument needed 
to measure brake design and performance from every possible angle. 


A permanent record of each test 
run is being maintained for complete 
study and analysis. Special instru- 
ments aboard measure such factors as: 
speed and stopping distance; tempera- 
tures of lining, drums, wheel rims, 
and hydraulic fluid; speed of brake 
applications and time lag between 
trailer and tractor brakes; stroke of 
master and wheel cylinders; and pres- 
sure and displacement input to brakes. 


No one else in the world does as 
much brake research and development 
work as Bendix— “Brake Headquarters 
of the World.” Why not put this 
experience to work for you! 


operated by Bendix Automotive Engineering, Research, 
Development and Road Test Departments. Much of 
work is done in mountainous country. Bendix also main- 
tains large test facility at Jennerstown, Pa. 





Bendix pivision 
South Bend, IND 
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TEST RESULTS for each run can be checked visually 
by Bendix engineers during stops and are also recorded 
permanently on 25-channel oscillograph for detailed 
study later. Two-way radio (right) permits conversation 
with tractor driver and with South Bend headquarters 


MOBILE LABORATORY NO. 2 is also used to test 
brakes and power brakes in all kinds of weather over all 
kinds of terrain. Trailer interior houses battery of instru 
ments for checking and recording results of test runs. y 
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from SAE meetings, members, and committees 


ODAY 44% of the farms in 
l the United States produce 
91% of cash farm sales... 
In this country, one farm worker 
feeds himself and 23 others with 
an efficiency which has created 
the highest living standard in the 
world. .. . In Russia, 45% of the 
people still cultivate the land; yet 
food shortages still are of frequent 
concern... . In China, 80% of the 
population tills the soil, attempt- 
ing to feed by primitive means the 
remaining 20%. 


UEL CELL can potentially 

produce between two and four 

times as much power per unit 
mass of reactants consumed as a 
good heat engine-generator cycle. 
This is because the fuel cell is not 
limited by the Carnot cycle effi- 
ciency imposed on all heat en- 
gines. 


HE BONNEVILLE SALTS 

l FLATS, long the site of auto- 

mobile speed-record-making, 
have many characteristics which 
assist tire performance. 

The surface is re-leveled to the 
curvature of the earth each win- 
ter, when the rains are not evapo- 
rated as fast as they fall. So, each 
spring, the course requires only 
superficial scraping to smooth out 
small irregularities. ... The cohe- 
sive strength of the salt is less 
than the adhesion between salt 
and rubber, so there is practically 
no abrasion of tire tread. Also, 
the moisture in salt cools tires and 
dissipates the heat generated from 
rapid flexing of the tire structure. 

Big disadvantage: A variable 
traction coefficient results from 
changes in the moisture content. 
Best traction is obtained in early 


morning after water level has 
dropped overnight—and before 
the sun has had a chance to draw 
the water back up to the surface. 


SOVIET STATISTICS are fre- 
quently confusing to the out- 
side world. But it appears that 
even those they are supposed to 


"Tso FANTASTIC REALMS OF 


ANY CHANGES HAVE TAKEN PLACE IN STEEL PRIC- 
ING over the last few years. 


lurgical requirements 


charged. And, metallurgical properties required of carbon 
and alloy bar steel contribute 10-20% to the total price. 
Table 1 shows typical examples of pricing. 
but is meant to show the items which have to be considered. 
A study of Table 1 reveals the need for careful consideration 


ieee 


of metallurgical requirements. 


fication of a cold-finished alloy bar as an engineering require- 
ment where a hot-rolled alloy bar is adequate would result in 
a penalty of $2.30 per hundred pounds or 34%. 
considered chemistry, quality, or treatment requirements 


could result in increased costs. 


Table 1 
Selected Metallurgical Extras — Carbon and Alloy Bar 
(Costs in Dollars per 100 Pounds) 


Base Price 

Cold finished alloy bar 
Cold finished carbon bar 
Hot rolled alloy bar 

Hot rolled carbon bar 


9.025 
7.650 
6.725 
6.025 


Quality Extras 


Aircraft quality 

Cold heading quality 
Cold extrusion quality 
Axle shaft quality 


Treatment Extras 


Normalized and tempered 
Annealed 

Normalized 

Magnetic tested — 12 in. bar 
Machine straightened — 2 in. bar 
Pickled — 12 in. bar 

Oiled 


enlighten don’t always find them 
understandable. A revealing ex- 
ample is Mr. Khrushchev’s recent 
rebuke of the Secretary of the 
Byelorussian Communist Party. 
“T must ask you again,” he said. 
“Maybe I didn’t understand you. 
When you talk about growth in 
percentages, what does that mean? 
Did you fulfill your obligations for 
1959 or didn’t you fulfill them?” 
(more chips on following page) 


VOCE CULDETDEC DEE 


There are many metal- 
for which cost extras are 


It isn’t exact 


For example, the hasty speci- 


Similarly, ill- 


Chemical Analysis Extras 
SAE 4027 
SAE 5120 
SAE 8620 
SAE 8615 
SAE 8622 
SAE 5140 
SAE 8640 
SAE 1010 
SAE 1019 
SAE 1038 
SAE 1041 
SAE 1043 
SAE 1045 
SAE 1065 
Lead .15 — .35% 1.00 
Restricted chemistry 10% * 
Restricted hardenability 10% * 
* 0% of base price plus chemical 
analysis extra. 
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from SAE meetings, members, and committees 
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ESURGENCE OF THE ELEC- 
R TRIC automobile would cer- 
tainly eliminate the atmos- 
pheric pollution problem, one pas- 
senger car engineer opined to some 
others recently ... which recalled 
to a listener the old wheeze about 
a sure cure for catarrh: “Cut your 
throat.” ... But few of the group 
echoed the cynic. Active interest 
was evident in the ultimate poten- 
tials not only of electrics, but of 
cars powered by gas turbines, fuel 
cells, and “levitation.” . .. All of 
these, this knowledgable group 
agreed, must be thoroughly con- 
sidered in any thoughtful analysis 
of possible passenger-car-engi- 
neering breakthroughs in the ’60s. 
“They all must be considered seri- 
ously,” as one discusser put it, 
“even though the ultimate conclu- 
sion reached is that no break- 
throughs are discernable in this 
area.” 


HOCKS WAVES IN EXPLO- 
SIVE FORMING are being ex- 
perimentally transmitted by 

such media as air, water, powdered 
talc, oil, mercury, sawdust, and 
plastisol (similar to sponge rub- 
ber). Shaped charges and multi- 
ple charges are being used. 


RECISION FORGING can pay 
Pre dividends. Here’s why: 

An aluminum hand forging 
for aircraft use weighed 1400 lb; 
block forging weight was 625 lb; 
precision forging cut forged weight 
to 290 lb. Finished weight of the 
forging was 230 lb. 


savings of as much as 5 to l, 


Cy savings TOOLS may bring 
as compared with conven- 





S 


tional tools. For some applica- 
tions, high-speed turning elimi- 
nates grinding. Ceramics are 
particularly effective on hard, 
abrasive materials, where long 
cuts are needed. 


IESEL TAXICABS have been 
in operation in the United 
States for only about a year 
and a half. First production model 
was bought by Charles Ross for 
the Checker-Detroit fleet in De- 
cember, 1959. It was a 1959 Ply- 
mouth chassis, and carried a Per- 
kins 4-cyl diesel whose bore was 
3.5 in.; stroke 5 in.; displacement 
192 in.; weight (excluding fly- 
wheel) 543 lb. It used No. 2 diesel 
fuel. Since December, 1959, the 
Checker-Detroit fleet has added 
30 diesel units; has more on order. 
Checker-Detroit records show 
that 17 diesel-powered cabs, which 
were driven a total of 371,735 
miles, used 17,256.5 gal of fuel... 
for an average of 21.5 mpg. (Price 
of the diesel-option with manual 
transmission is $795 more than the 
gasoline-powered cab.) 


OSSES MUST BE CONSIDERED 
WHEN SIZING AN ACCES- 
SORY POWER SYSTEM. 

Generation, distribution, and con- 
version losses may consume as 
much as one-third of the power 
delivered by an accessory power 
unit prime mover at the output 
shaft. This means that for every 
100 w required by a guidance sys- 
tem, the engine must provide 150 
w of shaft power. The losses are 
accounted for by such things as 
the alternator or hydraulic pumps, 
distribution equipment, and con- 
version devices such as inverters. 





HE MAGIC CHEMICAL that, 

when added to oil, will offer 

the gear designer complete 
freedom from scuffing, but be ab- 
solutely inert in all other respects, 
has not yet been found. Consider- 
able progress has, however, been 
made in the control of scuffing 
with a minimum of harmful side 
effects since the 1909 Cadillac In- 
struction Booklet recommended: 
“The best lubricant for this part 
[the rear axle] is a mixture of cup- 
grease and oil, mixed to such a 
consistency that it will not be so 
thick that the gears will simply 
cut a path in it, but be just liquid 
enough to flow.” 


CONOMY OF IMPORTED 
EK COMPACTS — even those in 

the higher horsepower ranges 
—is often amazing. The 220-hp 
Jaguar, for example, will give the 
average user about the same miles 
per gallon as the 80-hp Corvair, 
according to John R. Bond, pub- 
lisher, Road & Track Magazine. 


accounts for 38% of total 

cost, according to a recent 
study by a large automobile manu- 
facturer. 


M ecco FINISHING EXPENSE 


IGH ENERGY FORMING us- 
H ing TNT dynamite or RDX 

as explosives may someday 
be getting some competition from 
lower energy forming. Olin Ma- 
thieson is experimenting with 
such a process, using powdered 
gas explosive in electrically oper- 
ated hydraulic presses. Smokeless 
black powder gives pressures of 
100,000-300,000 psi. 
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Army Fuel Cell Projects 


_.. numbering more than 20, form balanced 


program aimed to uncover successful 


, S. J. Magram and B. R. Stein 


UEL CELL ACTIVITIES account for an important 

share of U. S. Army research and development 
these days. The fuel cell is one of the few devices 
which offers promise of exceeding the efficiencies 
of conventional power units. Claims of successful 
electrochemical combustion achieving efficiencies 
greater than the 40% maximum of standard units 
are currently based on limited iaboratory and pre- 
liminary prototype models. But the indications 
from these limited experiments are such as to offer 
a basis for continuance of a positive outlook. 

Some 20-odd tasks comprise the Army fuel cell 
research and development program which was 
started three years ago. They are being carried out 
within Army laboratories, and by contract with uni- 
versities and industrial organizations. 


Signal Corps program 


The Signal Corps program is the Army’s largest 
and most varied. Support for fuel cells for space 
activities comes from this agency. 

A 500-W REGENERATIVE HYDROGEN-OXYGEN 
FUEL CELL of the Bacon type (200 C, 40 atmos- 
pheres, potassium hydroxide electrolyte) is being 
worked on by Pratt & Whitney Division of United 
Aircraft. 

In this project, photovoltaic conversion through 
“solar cells” will be used to electrolyze water. The 
hydrogen so produced will be stored to be combined 
later when no power is available from the solar 
source. (The first semiannual report on this project 
has already been issued.) 

A SOLAR REGENERATIVE FUEL CELL is under 
development by the Missiles and Space Division of 
Lockheed. Two approaches are envisioned: 


@ One approach would involve a chemical 
system in which the reactants consumed in 
a fuel cell yield a product which can be 
decomposed to give the original reactants. 
@ A second approach would use a photo- 
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applications for future. 


chemical regenerative process, thus avoid- 
ing the Carnot-cycle limitation of the ther- 
mal regenerative. .. . A chemical system 
will be chosen which will permit the elec- 
trochemical reaction to be reversed external 
to the cell by a photochemical process. 


This Lockheed study is concerned mainly with 
photosensitized oxidation-reduction reactions. The 
profiavine-ascorbic acid system and thionine-iron 
systems are now being studied. (The first semi- 
annual report has been issued on this project, which 
was started in September 1959.) 

APPLICATION OF ITS HYDROGEN-OXYGEN 
CELL is being investigated by General Electric. 
This cell uses an ion-exchange membrane for the 
electrolyte for space use. (No results have yet been 
reported on this contract, which was let in Decem- 
ber 1959.) 

CONCEPTS FOR NEW SOLAR REGENERATIVE 
FUEL CELLS are being analyzed, developed, and 
experimentally tested by Electro-Optical Systems, 
Inc. This project will study nondissociation-type 
fuel cells. Such cells are systems which can trap 
solar energy such as in the heat of solution, heat 
capacity, and heat of sublimation to supply heat 
later for thermal regenerative fuel cells. 

A THERMALLY REGENERATIVE FUEL CELL is 
being worked on by the Mine Safety Appliance Re- 
search Corp. — since July 1959. A cell using lithium 
hydride has been constructed. Under considera- 
tion also are cadmium hydride and potassium hy- 
dride as working media. 

The lithium hydride cell has been operated be- 
tween 570 C and 820 C and has yielded an efficiency 
of 12%. It is expected that these temperature 
limits may be extended and other losses reduced 
to increase the efficiency to about 30%. (Two re- 
ports on the progress of this work are already avail- 
able.) 

IN THE SIGNAL CORPS’ OWN LABORATORY at 
Fort Monmouth, N. J., an ambitious program con- 
tinues to go forward. Included in it are such proj- 
ects as the following: 


e@ Regenerative systems employing organic materials 
with high theoretical capacities (watt-hours per 
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Army Fuel Cell Projects 


. . continued 


pound) are being investigated. Aromatic nitro and 
nitroso compounds appear promising. Regenera- 
tion of these cathodic materials by a common and 
readily available oxidizer are also being studied. 


@ Study is being made of all possible regenerative 
systems capable of using solar, thermal, or nuclear 
energy for space application. 

@ General studies with hydrogen-ozrygen fuels are 
being carried out, with special consideration given 
to long cell life and high conversion efficiency. 

@ Fuel systems are being investigated which use 
liquid organic fuels and organic liquids or air as 
oxidants. Experimental cells using alcohols and 
aldehydes have already been set up and are being 
studied. 

@ Study is going forward on ion-exchange mem- 
brane systems for hydrogen-oxrygen and other fuel 
combinations. Use will be made of anion-exchange 
membranes for study of partial oxidation products 
of carbonaceous fuels. Studies with alcohols are 
being carried out and some success has been 
achieved. ... The complete electrochemical oxida- 
tion of such compounds is quite complicated, since 
many intermediates must be produced — and each 
of these intermediates presents special problems of 
reactivity for further electrochemical combustion. 


Ordnance Corps programs 


TO PROVIDE A POWERPLANT FOR VEHICULAR 
PROPULSION is the sole aim of the Ordnance Corps 
fuel cell program, which is being carried out by the 
Diamond Ordnance Fuze Laboratories. Two sys- 
tems are being studied. One is the redox, the other 
a direct electrode reaction. Each, of course, must 
employ hydrocarbons as the primary reducing fuel. 
The contract with Diamond Ordnance Fuze is being 
divided among the University of Florida, Pennsyl- 
vania State University, and General Electric. 

The University of Florida program is concerned 
with the recovery of bromine, which was chosen as 
the best intermediate catholyte, U. of F., is also do- 
ing a theoretical study of the operation of a redox 
cell without separating membrane. 

At Penn State, the chemical regeneration of the 
anodic element is being studied. ... The Diamond 
Ordnance Fuze Laboratories’ studies on the redox 
cell is to include an investigation of the anodic re- 
actant, total cell studies, and electrode polarization 
and catalysis work. 

To pursue a program on the direct fuel electrode 
system, a contract with California Research Corp. 
has been made. Here a detailed study will be made 
of the chemical mechanism and kinetics of electro- 
chemical half-cells using petroleum-derived fuels as 
the directly oxidizable material. Research will in- 
clude study of straight-chain, branched-chain, and 
cyclic alkanes, straight-chain olefins and alcohols. 

Electrode material in the California Research 
studies will be limited initially to catalyzed or 
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treated carbon and nickel, while electrolytes will be 
considered if thought to be compatible with long- 
time operation in the presence of the fuels and re- 
action products. Studies first will be made under 
ambient operating conditions. The DOF laboratory 
studies will cover oxidation of methanol in acid 
medium, which will require an oxygen electrode, 
which is to be developed at University of Florida. 

The future of this program will depend on results 
of these just-described activities. No one doubts or 
minimizes the difficulty in reaching the goals set. 
But practical use of the fuel cell rests on their 
success. 


Corps of Engineers program 


A fuel cell program to consider use of readily 
available and cheap materials to generate electric 
power has ben established by the Corps of Engi- 
neers. With the support of the Ordnance Corps, a 
contract was let to General Electric to investigate 
the redox fuel cell. This work was halted, because 
major difficulties in regeneration of the anolyte in- 
termediate could not be overcome. 

Now the GE work is directed toward use of car- 
bonaceous and other fuels in an ion-exchange 
membrane electrolyte system. In preliminary ex- 
periments reaction was achieved, though current 
densities obtained were small. Construction of a 
liquid electrolyte cell is to be carried out for use as 
a test vehicle. Results may lead to development of 
a modified ion-exchange membrane device. (Prog- 
ress report No. 8 has been issued on this project.) 

Study of low-temperature fuel cells using hydro- 
carbons and related compounds as fuels is being 
made under contract by Monsanto Chemical. The 
fuel electrode will be given major emphasis. Pre- 
liminary data on hydrazine shows promising results. 
Work is being continued with this compound in 
acid and alkaline media. (The first quarterly prog- 
ress report has been issued.) 

Investigation of a high-temperature molten salt 
system has been undertaken for the Corps of Engi- 
neers by Curtiss-Wright Corp. Aim is to construct a 
150-w unit to operate on hydrocarbon gases. The 
cell electrolyte is a mixture of alkali carbonates. 
The electrodes are treated stainless steel. (One re- 
port has been issued.) 


European research participates 


Research on a high-temperature molten salt sys- 
tem is being done under a contract between the 
European Research Office, Department of the Army, 
and the Central Technical Institute (TNO) of The 
Hague, Holland. Continuous operation of some cells 
has exceeded 6 months. At present, different cell 
designs are being tested, theoretical problems are 
being studied, and experiments with various fuel 
mixtures are continuing. (Three quarterly reports 
have been made.) 

This entire Army fuel cell program is still in the 
research stage. It has not yet reached the develop- 
mental stage. The Army believes it to be a balanced 
program, from which some successful application 
seems likely. 


To order Paper No. 179B ... 


from which material for this article was drawn, see p. 6. 
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Step Gas Bearings 


. .. promising development for aircraft accessory 


equipment. 


Support heavy loads under most rigorous 


conditions and are simple to produce. 


C. R. Adams 


TEP GAS BEARINGS raise load carrying capacity 
and increase service life. They have advantages 
where conditions to be met are high speeds, high and 
low temperatures, radiation, or low friction. And be- 
cause of their ease and simplicity of manufacture 
they hold great promise for aircraft accessory equip- 
ment. 
Gas bearings fall into two categories: 


1. The self-acting bearing, which depends on the 
development of a pressure wedge during rotation to 
support the load. It is similar to a hydrodyamic oil 
bearing in design and operation. 

2. The externally pressurized bearing which has 
the supporting pressure supplied from an outside 
source. It can be compared to a hydrostatic oil bear- 
ing. 


Externally pressurized bearings 


Most externally pressurized radial gas bearings 
have the gas supplied to the bearing through a series 
of small orifices around the journal periphery at its 
center (Fig. 1). The gas is throttled through the 
multiple orifices as it enters the bearing. Pressure 
buildup around the shaft is determined by eccentri- 
city of the shaft in the journal, since clearance con- 
trols the leakage rate. Pressure pockets may be used 
to increase load-carrying capability, but the added 
volume of trapped compressible fluid may cause in- 
stability. 

Boeing’s externally pressurized bearing is based 
on the principle of throttling the gas as it leaves the 
bearing rather than as it enters. Dams, or steps, 
machined on either the shaft or the journal, serve as 
the throttling device (Fig. 2). The step is parallel to 
the direction of motion and so differs from the Ray- 
leigh step bearing, which has the step perpendicular 
to the direction of motion. 

Pressure distribution in a step bearing and in a 
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stepless bearing is compared in Fig. 3. When there 
is no step on the shaft or housing, pressure cannot 
build up under the shaft to produce lift. Leakage at 
the top of the shaft causes the pressure to drop in an 
almost straight line from inlet to atmospheric. This 
pressure acts as a locking force. When there is a 
step on either shaft or housing, pressure builds up 
under the shaft and creates a lift. Pressure drops 
off to atmospheric as the gas flows out the gap at the 
top of the shaft. Since the flow rate through the 
gap at the top of the shaft is greater than the flow 
rate at the bottom, there is a greater pressure drop 
at the top. The resultant difference in pressure pro- 
vides the necessary lift to float the shaft. 

In the last two years, the possibility of using turbo 
machinery mounted on gas bearings has been ex- 
plored by a number of aircraft equipment manufac- 
turers. All applications initially proposed used ex- 
ternally pressurized, multiple-orifice bearings. The 
pressure source varies from use of engine bleed air, 
as in the turbonator, to using the gas produced by 
decomposition of hydrazine in secondary power tur- 
bines for missiles. We have placed our experimental 
efforts on the step bearing concept. Fig. 4 illustrates 
one of the Boeing turbine step bearing test units. In 
this unit, pressure which supports the radial load is 
also used to support thrust loads before it leaks off 
to the atmosphere. 


Importance of design 


Gas bearings designs are critical. Manufacturing 
tolerances, variations in gas supply pressure, tem- 
perature variations, and gas contamination must all 
be considered. Mathematical analysis of bearing 
capability is valuable, but actual operation will usu- 
ally demonstrate need for modifications. Here is a 
typical example: 

Theoretical gas consumption of a multiple-orifice 
bearing designed for an accessory unit turbine was 
compatible with required unit efficiencies. However, 
under simulated service conditions, the shaft clear- 
ance had to be increased to compensate for thermal 
expansion. More fuel was then needed to supply 
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Fig. 1— Example of externally 
pressurized, multiple-orifice gas 
bearing. Gas is throttled through 
the orifices as it enters the bear- 
ing. Pressure buildup is deter- 
mined by eccentricity of the shaft = 
in the journal since clearance con- = 
trols leakage. = 








Fig. 2— Boeing step Z 
gas bearings. Dams 
or steps, machined on 
either the shaft or 
journal, throttle the 
gas as it leaves the 
bearing rather than 
on entrance, as with 
the multiple-orifice 
type. The step is 
parallel to the direc- 
tion of motion. 





RADIAL BEARING COMBINED RADIAL & THRUST BEARI": 





Fig. 3 — Pressure distribution in a 
step bearing compared with that in : 
a stepless one. Inthe stepless = 
bearing, pressure acts as a locking : 
force. When there is a step on : 
shaft or housing, pressure builds up 
under the shaft to create a lift. 
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decomposed hydrazine gas to the bearing because 
the leakage rate increased. The design became im- 
practical for long missions, but could still be consid- 
ered for short flights where the added fuel penalty 
would be insignificant. 


Problems of expansion 


Expansion of a shaft due to centrifugal force 
could reduce bearing clearance at very high speed. 
However, this will not be a major problem in most 
applications. We have successfully operated a 2-in. 
diameter step bearing shaft with 0.0010-in. diame- 
tral clearance at 40,000 rpm. 

Thermal expansion is not a difficult problem when 
shaft and housing are made of the same material. 
In tests to 600 F with a 2-in. diameter shaft, a diam- 
etral clearance of 0.002 in. adequately prevented 
seizure, even during transient conditions when max- 
imum temperatures difference between shaft and 
housing are met. It may be possible to reduce the 
diametral clearance to 0.001 in. or less in installa- 
tions where temperature difference between shaft 
and housing is kept within 50 F. 


Materials compatibility 


A number of failures occurred during development 
because shaft and journal materials would gall when 
there was metal-to-metal contact. Contacts took 
place during starts, stops, and sometimes while run- 
ning, due to unbalanced loads or excessive loads. 
The contact area of the step bearing is confined to 
the step, so seizure takes place over a number of 
revolutions. Gradual seizing means gradual dissipa- 
tion of inertia forces, which could be an excellent 
safety feature in some applications. 

It is best to use materials with a forgiveness factor 
to compensate for inadvertent momentary contacts. 
One of the most satisfactory used at Boeing is a 
flame-plated, tungsten carbide shaft operating in a 
Meehanite journal. Other combinations include 
nitrided-nitraloy shafts in Meehanite or bronze 
journals. 

Step bearings can be modified to permit putting an 
oil-mist into the gas supply. The oil will leave a thin 
film on the shaft and journal, which acts as a bound- 
ary lubricant and prevents seizure when rubbing oc- 
curs. 


Production techniques 


Load carrying capacity of gas bearings can be af- 
fected adversely by misalignment when two or more 
bearings are used on the same shaft. For this rea- 
son, production procedures should be sequenced so 
that journals can be line bored. Concentricity of 
bore diameters within 0.0001 in. is required to get 
uniform load carrying capacity with step bearings. 
A simple but satisfactory method for getting the 
necessary concentricity is to complete all grinding 
operations with a single machine setup. The toler- 
ances which can be allowed for high-speed (20,000— 
30,000 fpm) bearings will be comparable to those 
used for ABEC class 5 rolling element bearings. 
Surface finishes better than 16 RMS are used nor- 
mally, although a step bearing has been operated at 
high speeds with a 64-rms surface finish on the 
journal. 
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Shaft centers are lapped before setting up for the 
final grind. Once the shaft has been set up for 
grinding, all diameters are finished before the shaft 
is removed from the grinder. This assures concen- 
tricity and uniform step height. 

A good surface finish is desirable, but it is not as 
important in the operation of step bearings as main- 
taining straight bores and parallel surfaces. Lap- 
ping or honing of bores for fine finish must be done 
with extreme care to avoid bellmouth effects. Ifa 
bore of 1.0000 in. is bellmouth so that the diameter 
at the edge of the bore is 1.0002 in., it may have an 
adverse effect on bearing capacity. The effect is 
much greater than if the entire bore diameter were 
increased to the 1.0002 value. 

Chemmilling has met with limited success. Cut- 
ting the mask with the required precision and ob- 
taining uniform etching rates are most difficult 
problems. Masks were cut in a lathe, using a special 
knife in the toolholder. Etching fluid temperature 
must be carefully controlled to prevent mask shrink- 
age. We found rotating the shaft during etching to 
be desirable. 


To Order Paper No. 176C .. . 
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Fig. 4 — Boeing turbine step-bearing test unit. Here the pressure used 
to support the radial load also supports the thrust loads before it leaks 
off to the atmosphere. 
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Fig. 5. — Chemmilled shaft. Producing a step by etching is sometimes 
unsatisfactory because of masking difficulties and variations in the base 
metal. Rotating shaft during etching is helpful. 
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Automatic Vehicle Control on 


_.. reaches working model stage. Practical 


Harold M. Morrison, Albert F. Welch, 
and Eugene A. Hanysz 


N AUTOMATIC vehicle control system, known 

as the GMR Auto-Control, has been developed 

to increase highway safety as well as highway ca- 

pacity. It has reached the stage of being embodied 

in a 1/40-scale model, designed so as to accom- 

modate both automatically and manually controlled 
cars on a limited access highway. 

The essential features of the control system are 
shown in Fig. 1. The two counterclockwise lanes are 
equipped for vehicle operation. The right-hand 
lane is a manual control lane; the left lane has 


HE dream of safer, more efficient 

traffic, at least on limited-access 
highways, approaches reality with 
the GMR Auto-Control System. 


It is designed to do four things: 
® Keep vehicles in their proper path. 
& Detect obstacles in that path. 
& Regulate speed to prevent collision. 


® Control the passing of vehicles. 
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now hinges on development of 


mechanical, electronic 


sensing and control wiring for complete automatic 
operation of scale model buses. The lanes are di- 
vided into blocks representing 200 ft of actual high- 
way; the entire model highway simulates a length 
of 6/10 mile. The block system provides a means 
for detection of obstacles and speed control. Warn- 
ing lights tell the manual driver when to use the 
automatic lane for passing. 


Car and road control equipment 


The control equipment has been divided between 
the car and the road. Transition from manual to 
automatic control would be easier if all the control 
equipment were centered in the car. Then, if none 
were required in the road, the system could be used 
on existing road systems. However, this arrange- 
ment has shortcomings, particularly with respect to 
sensing all the information to regulate speed and 
direction from the vehicle itself. 

All the transistorized electronics sufficient to sense 
the input signals and provide controls for the power 
systems of a full-scale car are mounted in the model 
on two insulating boards, which also serve as a frame 
for the mechanism (Fig. 2). An electric torque mo- 
tor turns the front wheels to provide steering con- 
nections. A silver-zinc battery supplies power for 
the electronics and the drive and steering motors. 


Steering and speed control 


The steering control element in the model high- 
way is in the form of a criss-crossed wire forming es- 
sentially two parallel wires embedded in the pave- 
ment down the center of the lane. An alternating 
current of about 50 ke in the wire generates a mag- 
netic field along its entire path. The same wire is 
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Highways 
application 


reliable 


equipment. 


1. GUIDANCE 3. OBSTACLE DETECTION 
2. SPEED CONTROL 4. WARNING LIGHTS 


ONTROL CABINET ~~ ONTROL CABINETS R 
¢ Steering Signal © Obstacle Detection Amplifiers 


¢ Speed Command Signal * Warning Light Amplifiers 
* Obstacle Primary Signal 





TRAFFIC RULE: 

Manual cars may not 

use automatic lane when Block system provides for speed 
warning lights are on. control and obstacle detection. 
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Highway layout (1/40-scale model) of GMR Auto-Control System. 
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Automatic Vehicle Control 
on Highways 


. . continued 


used for speed sensing. Control wiring is shown in 
full for a single block in Fig. 3. 

Two pickup coils mounted on the underside of the 
model car straddle the criss-cross wire. Changes in 
voltage between the two coils, determined by their 
position relative to the cable, automatically adjust 
the steering mechanism to Keep the car on course. 

Rather than permit each vehicle to select its own 
speed, all cars under automatic control are expected 
to travel at the road speed limit, arbitrarily set at 60 
mph. This eliminates passing to a great extent, 
simplifies equipment, and prevents delays due to 
slow vehicles. In a full-scale application, any maxi- 
mum speed could be selected and varied to fit driv- 
ing conditions. Provisions in the model impose a 
30-mph limit or stop cars completely when 60 mph is 
unsafe. 

Automatic speed control requires precise measure- 
ment of the car’s actual speed, and a speed command 
signal telling the car how fast it should be going. 
Any differential between these two quantities can be 
used to initiate automatic adjustment of speed 
through control of accelerator and brakes. 

The criss-crossed wire is installed so that its two 
branches cross at equally spaced intervals. The 
voltage induced in the car’s speed measurement 
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block of = automatic 
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PRIMARY OBSTACLE DETECTOR Con 


SS STEERING CONTROL AND 
SPEED MEASUREMENT 
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pickup coil becomes zero midway between each 
crossing of the wire, thus providing a marker that 
can be sensed by a pickup coil and counted. The car 
measures its own speed precisely by a count of the 
number of voltage nulls passed per second. Cross 
spacing selection makes 1 cps equal 1 mph both in 
the model and on a full-scale road. 


Speed command signal 


A wire, parallel with and centered in the criss- 
crossed wire, provides a speed command signal which 
is picked up by another coil. The wire carries a sig- 
nal of about 90 kc modulated by either of two fre- 
quencies to provide the 60- and 30-mph speed com- 
mand signals. The signal is interrupted for zero 
command speed. Command speed is determined by 
obstacle detectors in adjacent blocks. When the car 
speed is over or under the command speed, an error 
signal is created proportional to the difference be- 
tween the frequency of the command speed modu- 
lating signal and the number of voltage nulls per 
second from the criss-crossed wire. The error signal 
regulates the current to a small electric motor in the 
model, causing the car’s speed to become equal to the 
road command speed. In a full-scale vehicle the 
signal would control the accelerator and brake pedal 
combination. 


Obstacle detection 


Vehicles and other metallic objects are detected 
electromagnetically in the automatic lane alone. 
Embedded below the surface of each block (200 ft of 
actual highway) 


are four obstacle detector coils 
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(secondary) and a larger coil (primary) which en- 
closes the secondary (Fig. 3). The four secondary 
coils are connected in pairs with two coils in each 
pair connected in opposition and alternately spaced 
with the two coils of the other pair. Metal objects in 
the detector section have eddy currents induced by 
the alternating field produced by the primary coil 
which is energized with alternating current. This 
causes a disturbance of the magnetic field through 
the secondary coil over which the obstacle is located 
and the resulting unbalance in induced voltage pro- 
vides a reliable indication of the obstacle, whether 
moving or stationary. The time interval between 
detection at successive secondaries is also used to 
give an approximate indication of the vehicle speed. 
Its presence and speed regulate the command speed 
in the following blocks. 

A car traveling over 30 mph, for example, causes a 
30-mph speed command signal to exist in the first 
block to the rear and a 60-mph signal in the second 
block to the rear. Acar going 30 mph or below raises 
a zero speed signal in the first block to the rear and 
a 30-mph signal in the second block. 

The driver is expected to use manual control when 
fixed obstacles are met, and the manual lane can be 
used for getting around obstacles before resuming 
automatic operation. In fact, if an automatic vehi- 
cle is stopped for an obstacle it becomes an obstacle 
for itself and cannot continue automatically even if 
the obstacle is removed. To resume automatic con- 
trol, the driver must accelerate the car manually 
over 30 mph and then flip on the auto-control switch. 


Manual car operation 


Manually controlled cars would travel in the 
right-hand lane as usual. Use of the left lane for 
passing is regulated in the model road by traffic sig- 
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Fig. 4— These two 
cabinets contain all the 
road electronic equip- 
ment needed for 400 
ft of controlled high- 
way, with the excep- 
tion of the primary 
guidance signal. No 
attempt has been made 
juce the 
this equipment 


to re size of 


nals which indicate the presence of an automatic car 
in the immediate vicinity. Warning lights are 
turned on by a 2-ke signal from a coil on the auto- 
matic car to the speed command coil in the road, 
These lights “travel” along with the car to warn 
manually operated cars that the automatic lane is 
in use. One light would handle a 200-ft block. 
These lights would give smooth operation in the au- 
tomatic lane, but should a manual car enter against 
the signal it would be detected as an obstacle and 
cause the following automatic cars to come to a stop. 

Fig. 4 shows the electronic equipment racks used 
with the road model. They are representative of 
functionally full-scale equipment, since no effort 
was made to reduce the size of this prototype. The 
two cabinets provide all the electronics needed for 
400 ft (2 blocks) of lane with the exception of the 
primary guidance signal. This signal can be sup- 
plied to many blocks by a simple single oscillator. 
The equipment could be installed below grade and 
run from batteries floated on a charger to increase 
reliability. 


Built-in reliability 

Redundancy has been used in the model to in- 
crease steering signal reliability. The speed com- 
mand wire as well as the crossed guidance wire sig- 
nal may be used for this purpose. Automatic switch- 
over would occur in the full-scale installation in the 
event of loss of primary system signal. Protection 
has also been provided in the event of speed com- 
mand signal failure — the loss would be equivalent 
to commanding zero speed and vehicles would stop 
until manual control is assumed. 
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How Soviet jets COMPARE 


with other jets of the world 
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S. D. Browne 


OVIET jet transports are compared with other 

well-known jets, in the accompanying table. 

The first Soviet jet to appear on the World air 
transport scene was the TU-104. This 50-passenger 
twin turbojet was a modification of the Tupolev-16 
(Badger) medium bomber. It used the Mikulin 
M-209 (AM-3) axial-flow turbojets, estimated to 
have 15,000-17,000-lb thrust. According to the Aero- 
flot journal Grazhdanskaya Aviatsia, the TU-104 and 
its modified versions began regular service on June 
15, 1956, and since then have been extended to most 
of the long-range international and internal lines of 
Aeroflot. The TU-104A version is the same aircraft 
with 70 seats (16 first class and 54 tourist). It has 
an improved engine, the Zubets RD3M (redesign of 
the M-209) with 20,950-lb static thrust. In addition 
to carrying a greater payload, it is claimed to be 
more economical than the original TU-104. It is 
possible that the TU-104 has been largely withdrawn 
from regular service. 

In September 1958, the TU-104B was announced, 
to carry 100 passengers, two tons of baggage, and 
two tons of freight at a cruising speed of 500-560 
mph at 32,800-40,000-ft altitude. Although the 
powerplants and basic components of the aircraft 
remain unchanged, by Soviet definition the aircraft 
became more economical by re-arrangement of the 
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interior to accommodate the increase of 30 passen- 
gers. It should not be assumed that this higher- 
density seating arrangement means that the aircraft 
is designated for use on short-haul, because the TU- 
104B has been assigned to the longest internal route 
of the Soviet Union, that is, Leningrad to Vladivos- 
tok. 

Although there had been extensive mention of the 
TU-114 4-turboprop airliner in the Soviet and satel- 
lite press as early as the fall of 1957, its official debut 
to the western world was not until June 1959, when 
one brought Frol Kozlov to New York. 

TU-114D is the long-range version, designed to 
carry 120 passengers for such long nonstop flights as 
Moscow-—New York, Moscow-Peking, Moscow-Tokyo, 
or for long internal runs such as Moscow to Maga- 
dan, Moscow-Vladivostok, Moscow—Petropavlovsk/ 
Kamchatka. There is to be a 170-seat.version for 
shorter internal routes and, finally, a 220-seat ver- 
sion designated as “short-range tourist” for high- 
density runs such as Moscow-Sochi and Moscow- 
Simferopol, where the stated objective is to reduce 
air fares to the level of rail travel within the Soviet 
Union. This aircraft does not as yet appear to be in 
regular scheduled airline operation, although it has 
been used for the propaganda transportation of im- 
portant government officials and for a variety of 
“record-breaking” flights, mostly in terms of test 
flights not as yet flown by competing aircraft. 

Already in Aeroflot service and replacing IL-14 
and other piston-engine transport aircraft are the 
IL-18 and the AN-10 turboprop transport aircraft. 
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Turbojet 


The Ilyushin 18, a 4-engine low-wing turboprop 
transport was first extensively described in Septem- 
ber 1957 as being projected for both 76- and 100-pas- 
senger versions. The aircraft was tested throughout 
the fall and winter of 1957 and spring of 1958. 

Both the Ilyushin 18 and the Antonov 10 were 
originally designed with four Kuznetsov 4000-eshp 
turboprop engines. Later production aircraft of 
both designs are powered by the Ivchenko AI-20 en- 
gine, which has the same rating but is claimed to be 
more economical. 

The Antonov 10 is a high-wing 4-turboprop pas- 
senger aircraft designed for 84 passengers. A sub- 
sequent version — the AN-10A — is designed to take 
100 passengers. The Antonov 10 has gone into serv- 
ice on Aeroflot routes somewhat behind the intro- 
duction of the Ilyushin 18. It appears to be designed 
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and Turboprop Transport Aircraft of the 


World Compared 


primarily for service on unpaved runways of unim- 
proved airports in the Soviet Union, although the 
Ilyushin 18 and the TU-114 have this consideration 
very much in evidence in the design of their gear 
and landing characteristics. 

The AN-16 is a 130-passenger version of the AN- 
10. It is basically a modification of the AN-10A and 
has the same powerplants (AI-20). The original 
AN-10 was lengthened from 114 ft, 10 in. to 121 ft, 5 
in. to accommodate the increase in passenger capac- 
ity from 84 to 100. Similarly, the AN-16 fuselage has 
been lengthened to 131 ft, 3 in. to carry a total of 
130 passengers. All three aircraft normally have a 
crew of five. 


To order Paper No. $235... 


from which material for this article was drawn, see p. 6. 
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Computers analyze drivetrain 


S. E. Staffeld 


OMPUTER ANALYSIS OF AUTOMOTIVE DRIVE- 

TRAINS has increased the ability of engineers to 
deal with the many, and increasing, combinations of 
powerplants, transmission extensions, and prop- 
shafts. In advanced design programs, the computa- 
tions have been helpful in picking out the driveline 
lineups most likely to have vibration problems so 
that they might be scheduled for early test and al- 
lowed maximum lead time for development. Direct 
applications have been made — destructively high 
stresses reduced by modifications to increase the 
tuning ratio— but the benefits of being able to 
rapidly see the effect of the variation of a length, 
weight, or stiffness and of knowing what phenomena 
can and can’t be explained by the given set of as- 
sumptions, are probably of the greatest value. 

All front-engine American automobiles use a 
drivetrain with certain basic features (Fig.1). The 
engine transmits its power through a clutch or 
torque converter, a transmission and transmission 
extension to the propshaft, the propshaft to the axle 
carrier. Power is transferred through universal 
joints at each end of the propshaft. Flexibility in 
the torque converter housing, transmission exten- 
sion, and propshaft gives rise to two types of vibra- 
tion phenomena. 

Unbalance in the propshaft excites vibration of 
the drivetrain system at a first order frequency, that 
is, one cycle of vibration for each revolution of the 
shaft. The unbalance may be anywhere in the 
shaft, although it is found that unbalance in the 
center is more serious than at one of the end flanges. 
This effect occurs with most drivelines at high 
speeds, in some cases beyond the top speed of the 
car. This effect can be very serious. An unbalance 
can rapidly cause failure of the propshaft, transmis- 
sion extension, or torque converter housing at the 
critical speed. 

In addition, the universal joints generate second 
order forces and moments, the magnitudes of which 
are proportional to joint angularity. Being second 
order, that is one vibration cycle for each one-half 
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propshaft revolution, vibrations caused by these 
forces take place at car speeds in the normal driv- 
ing range. The problem here is not stress but noise, 
vibrations being transmitted through the engine 
mounts and suspension to the body shell. There are 
usually at least four of these periods, of which and 
without any obvious pattern some are louder than 
others. 

It was usual to think of these phenomena in terms 
of the so-called prop critical speed, the resonant fre- 
quency of the propshaft with both ends attached to 
fixed universal joints. This is the vibration fre- 
quency of the shaft as it is mounted in a balance ma- 
chine. It is easy to measure and to relate to length, 
diameter, and metal thickness. But, this approach 
didn’t lead to much more in the way of prediction 
than to expect that all driveline frequencies would 
rise and fall with that of the prop. 

There was, of course, a considerable body of ex- 
perience to draw on in formulating and developing 
a driveline design but there were still surprises. An 
analytical approach, made possible by the digital 
computer, has been able to reduce some of the sur- 
prises and to make predictions of design value. 


Computer analysis 

The aim of computer analysis was to take into ac- 
count the important facts neglected by the prop 
critical speed approach. It was clear that fiexibility 
in the powerplant and in the axle carrier were im- 
portant and that, where possible, the input to these 
components should be derived from drawings and 
experimental data with a minimum of manual re- 
duction. It was known that the principal axes of 
mass and of flexibility were close to horizontal 
and vertical in all components so that vibration 
could be considered as the vector sum of two in- 
dependent planar vibrations. Damping, although 
significant, was neglected with the feeling that it 
would not greatly affect resonant frequency values 
and their mode shapes. 

The powerplant and the propshaft were considered 
as nonuniform beams — mass and flexibility vary- 
ing along their lengths. These nonuniform beams 
are considered to be composed of increments con- 
sisting of a flexible weightless beam with mass and 
moment of inertia concentrated at one end. Since 
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design 


Fig. 1 — Drivetrain arrangement of typical American front-engine car. 


the increments may be small and the mass distributed 
as continuously as desired, no inaccuracies are in- 
troduced. Considering the increment to be part of a 
beam executing linear planar vibration, we can ex- 
press the four variables, displacement amplitude, 
angular amplitude, shear force amplitude, and 
bending moment amplitude, at one end in terms of 
the other end from its flexibility, length, mass, and 
moment of inertia. This is expressed in terms of 
four simultaneous equations. With such a set of 
equations for each segment into which the beam is 
divided, it is theoretically possible to express the 
variables relating to one end of the entire beam in 
terms of the other end. 

Of course, with many increments, to express one 
end of the beam in terms of the other algebraically 
would be extremely laborious, and even numerically 
requires much computation. This, then, is where 
the digital computer comes in. 

A scheme is devised where the computer operates 
on the constants (flexibility, length, and such) of 
the first increment to form the coefficients of its 
simultaneous equations; stores them; forms the co- 
efficients of the second; operates on those of the 
first to form a new set which relates the left end of 
the first increment with the right end of the sec- 
ond; forms the third set; forms a new set relating 
the left end of the first increment with the right end 
of the third increment; and so on until the last seg- 
ment of the beam is reached and we have one end 
of the complete beam in terms of the other. 

This gives us four simultaneous equations in eight 
variables. To solve these equations we will need 
four more equations which will constitute the 
boundary conditions. In the case of the power- 
plant, both shear and bending moment are zero at 
the front end because it is not connected to any- 
thing. At the rear end, bending moment must be 
zero because of the universal joint. If we then make 
the amplitude of the shear force arbitrarily equal to 

1000 lb, all the varibles may be solved. This proc- 
ess is repeated for each frequency. 

For the condition of horizontal vibration, the axle 
carrier may be considered as perfectly rigid and 
thus the displacement amplitude of its nose is zero. 
Therefore, for the right end of the propshaft, the 
displacement and the bending moment (because 
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RELATIVE DEFLECTION-FRONT U-JOINT 
5 


Fig. 2 — Plot to determine resonant frequencies. 


of the universal joint) are zero. At the left end the 
bending moment is zero and we set the shear equal 
to —1000 lb. 

The amplitude of the powerplant and propshaft 
at the first universal joint are plotted against fre- 
quency on a graph. The points where the curves 
intersect will be the frequencies where the prop and 
powerplant match in amplitude. Since this is the 
true final boundary condition for both, it is the fre- 
quency at which they resonate together. The choice 
of any arbitrary force would result in the same fre- 
quencies. Since damping hasn’t been considered, 
the amplitudes of the crossing points have no mean- 
ing. 

In one sense, this is nothing more than a graphi- 
cal solution of two equations, one relating force and 
displacement at the end of the transmission exten- 
sion and the other relating force and displacement 
at the front end of the propshaft. This all could 
have been done on a computer with the output as 
resonant frequencies, but the graphical method 
helps contribute to understanding the phenomena. 
Under the prop critical speed theory it is assumed 
that the powerplant is infinitely stiff and massive. 
If this were so, the engine curve on the drivetrain 
resonance curve would be a horizontal line through 
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Fig. 3 — Vertical bending mode shapes. 
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zero deflection and there would be one resonant 
frequency where the propshaft line crosses it. 

Where the axle carrier is not rigid, there are pro- 
visions in the program for replacing the boundary 
constraint y,=0, with V,=ky, where k is a tabular 
function of frequency which has been derived from 
experimental data and V is the shear force ampli- 
tude. This is shown in Fig 2. 

In addition, it is possible to insert flexible mounts 
at any point in either member. This has applica- 
tion in such problems as that of center supported 
propshafts and has been used to confirm the un- 
importance of engine mounts to the critical speed 
problem. 

Once the resonant frequencies have been de- 
termined, a second part of the computer program 
can be used to compute values of the forces and 
displacements for those frequencies at each of the 
increments. This permits us to draw mode shapes 
and to locate the points of high relative force and 
bending moment. Typical mode shapes are shown 
in Fig. 3. 

The input is prepared almost entirely from detail 
drawings. As part of the preliminary chassis de- 
sign procedure, driveline components are divided 
into increments, and masses and flexibilities are 
computed from measured areas and area moments 
of inertia. (The exception is the torque converter 
housing which is less a computation than an esti- 
mate based on measurement and experience.) The 
information is then entered into the computer in 
a form where the constants for each increment are 
on a separate input card. With this system, 
changes in length can be made by simply adding 
or removing cards and lineup of components is a 
matter of stacking appropriate decks of cards. 

As it stands now, this program will give us only 
relative, not absolute, amplitudes. To take damp- 
ing into account we develop the concept of tuning 
ratio as follows: the propshaft, being essentially a 
simple tube with no contained fluid or rubbing 
parts, contributes an insignificant part of the damp- 
ing in the drivetrain. The major part is contrib- 
uted by the engine and, to a lesser extent, the 
carrier. Considering only the prop and the power- 
plant, the problem is to gain some idea of how to 
make the damping that exists most contribute to 
the reduction of amplitudes at resonant frequency. 
It may be shown (Fig. 4) that there is a relation- 
ship between the ratio of the propshaft crossover 
frequency (the prop critical speed) to the power- 
plant resonant frequency and the amplitudes of the 
first and second resonances. 

The output of the program may be varied to suit 
its purpose. In addition to locating the resonant 
modes (Fig. 2), mode shapes at the resonant fre- 
quencies may be plotted either in terms of deflec- 
tion (Fig. 3) or equally well in terms of shear force 
or bending moment along the drivetrain. Fig. 5 is 
particularly useful in an understanding of noise 
phenomena. Since the noise due to second order 
vibrations is transmitted through the engine 
mounts, it will be proportional to the distance of 
the mount from the vibration node at the resonant 
frequency. 
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from which material for this article was drawn, see p. 6. 
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Are the compacts of the world 


ina HORSEPOWER RACE? 


John R. Bond 


HORSEPOWER RACE seems to be on for the 
compacts — both domestic and foreign. 

In fact one school of thought, primarily the sports 
car enthusiasts, believes that the smaller the car 
the more power it needs. There is much to be said 
for this: 


e@ It furthers the compact’s inherent traffic agility. 

@ Scalded-cat performance removes the last ves- 
tige of any onus that might be attached to driving 
a small car. 

@ A high-performance small car is much cheaper 
to operate than one with 300 bhp and 4000 lb. 


At any rate, the current scramble for more power 
has started, whether we like it or not. 

However, no other car from any country yet equals 
the 1 bhp/cu in. of the stock fuel-injection Mer- 
cedes-Benz 220-SE, or its torque rating of 1.135 
lb-ft/cu in., either. Second in the power and torque 
department comes the Jaguar, with its dual over- 
head camshafts. 

Table 1 lists some pertinent data for the standard 
engines on the six domestic cars and the four rep- 
resentative European ones. 


How the hp is being pushed up 


Currently, the Valiant’s optional “Hyper-Pack”’ 
engine tops the field among the 6-cyl domestics, 
with 148 bhp—and simple proportion shows that 
nearly 195 bhp would be possible with the 225 cu in. 
version of their slant-6. 

Corvair offers a package with an increase to 95 
bhp, achieved primarily throuch a higher lift cam- 
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OND’S ANALYSIS LEADS him to con- 
clude: 


“The current scramble for more power has 
started among the compact car makers. . . 
both in the United States and in Europe.” 


This article — the last in a series of three 
— details the data and trends through which 
Bond reached this conclusion. 


The first two of this three-article series 
were: 


IN the APRIL issue: “How Do the Com- 
pacts Compare?” 


IN the MAY issue: “Suspension System 
Differences in the Compacts Are TREMEN- 
DOUS.” 


* 


N THIS article, as in the others of this series, 

Bond concentrates on the analysis of the 
six domestic compacts: Corvair, Falcon, Lark, 
Rambler A and B, and Valiant, and four typi- 
cal foreign cars coming within the accepted 
definition of a compact (100-110-in. wheel- 
base). The foreign cars are: Jaguar 3.8, Fiat 
2100, Mercedes 220, and Peugeot 403. 


All these cars have 6-cyl engines, except 
the 4-cyl Peugeot. (In fact, no French manu- 
facturer today builds a 6-cyl engine.) 


TOOC ETE 
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Table 1-Data for Standard Engines === 


Type of 
Combustion 
Chamber 


Pohv WwW 
Pohv 


No. of 


Cylinders Bore, in. 


Valves 


Corvair 
Falcon 
Valiant 
Lark 6 
Rambler A 
Rambler B 
Peugeot 
Fiat 2100 
Jaguar 3.8 
Mercedes 
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Are the compacts of the world 
in a HORSEPOWER RACE? 


. continued 


shaft and an enlarged exhaust system. Falcon’s 
nominal 90 bhp can be boosted to 128 via three car- 
buretors, a new camshaft, and other undisclosed 
modifications — all listed as factory options. 
American Motors merely had to drop the over- 
head-valve version of their 195 cu in. engine into 
the American. This model—called the Rambler 
American Custom — gives them a boost from 90 to 
125 bhp. A twin-throat carburetor version could be 


Fig. 1— Fiat 6-cyl engine features unique inclined valve head with 
small quench area. 
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Stroke, in. = 
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Displace- H 
ment, Bhp c r 
cu in. - 


2.60 0.771 139.6 80 
2.50 0.715 144.3 90 
3.12 0.920 170.2 101 
4.00 1,33 169.6 90 
4.25 1.36 195.6 90 
4.25 1.36 195.6 125 
2.87 0.911 89.5 66 
2.89 0.954 125.3 95 0.758 
4.17 1.22 230.6 220 0.955 
2.87 0.911 133.9 1.00 


Stroke 
Bore 


0.573 
0.623 
0.594 
0.530 
0.460 
0.639 
0.738 


used — to give 138 bhp at 4500 rpm. The V-8 Rebel 
offers up to 215 bhp, officially, but American Motors 
also builds a V-8 with larger bore (327 cu in.), with 
up to 270 bhp at 4700 rpm. 

Lark has the 180-bhp V-8 engine available. Its 
longer stroke V-8 (with 289 cu in.) is being built 
for the Hawk with up to 225 bhp at 4500 rpm. 

Jaguar’s unique (for a production type) double 
overhead cam engine was designed shortly after 
the war. Its output has gone up steadily from 160 
bhp in 1948 to over 265 bhp (at 5500 rpm) today. 
With years of racing experience behind them, Jaguar 
could easily offer the 3-carburetor version of this 
230.6 cu in. engine. This combination in the cur- 
rent Jaguar 4-door sedan (having a very low co- 
efficient of wind resistance) would undoubtedly be 
the fastest of the entire group. 

Panhard’s little aircooled twin is now available 
in Tigre form with horsepower increased from 42 to 
50. Carlo Abarth offers kits for the Fiat that give a 
boost from 95 bhp to 125. Ford Consuls can be 
purchased in England with up to 80 bhp instead of 
61. Humber recently enlarged its unit to produce 
130 bhp. The Austin A-99 engine delivers 112 bhp, 
but the same basic unit is rated at 136 bhp in the 
Austin-Healey sports car. 


Other engine characteristics 


Engine location is unimportant, assuming that 
ride and handling are satisfactory to the general 
public. It is also assumed that the cab space can 
be utilized properly. For example, the extremely 
short centerline-of-front-wheels to centerline-of- 
brake-pedal dimension for the Corvair (17.5 in.) 
could be maintained with a front-mounted V-4 en- 
gine. This dimension is even shorter in the VW 
and Renault — at the expense of front-wheel house 
encroachment, which is so serious that only two 
people can be accommodated in the front. 

At any rate, our 10 comparison cars have rather 
similar engines in major items, with the exception 
of the flat-6 Corvair and the 4-cyl Peugeot. The 
aircooling — or, more correctly, direct-cooling — of 
the Corvair engine offers many practical advantages 
for the consumer, particularly as to reliability and 
freedom from loss of fluid worries. Disadvantages 
appear to be, primarily, a slight but definitely higher 
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Diameter 
of Mains, 
in. 
2.10 
2.25 
2.75 
3.06 
2.48 
2.48 
1.97 
2.48 
2.75 
2.36 


Compres- No. of 
sion Ratio Mains 
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Length of connecting rod (center to center) divided by crank throw radius. 


first cost and the power absorption of the cooling 
fan. Liquid-cooled engines have a fan too, but the 
power required to turn them at high speed is re- 
duced by the propulsive effect of the air blast 
through the core. The aircooled engine’s fan doesn’t 
have this advantage and the further necessity of 
using a lower compression ratio indicates that we 
must accept a 5% (or more) drop in power for the 
same displacement. 

Extra inches are cheap and this brings up a 
question: Why are the displacements selected for 
some of these new compacts so low? The answer 
isn’t obvious to an outsider. It does seem odd... 
and somehow American Motors, with 195.6 cu in. 
of piston displacement, seems to be in an enviable 
position although Valiant can easily slip in the 
225 cu in. version of their slant-6 if the compact 
power race persists. 

The Falcon goes extreme on stroke/bore ratio and 
is an extremely good design from the standpoint of 
cost of manufacture. The Valiant engine looks 
sturdy, if a little heavy obviously designed for 
future use of aluminum in the block. The accessory 
arrangement saves one inch in overall engine length, 
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Rod 
Length, 
in. 


4.720 
4.855 
5.707 
6.375 
6.625 
6.625 
5.197 
5.216 
7.750 
5.315 


Rod Di- 
ameter, 
in. 
1.80 
2.12 
2.19 
1.81 
2.095 
2.095 
1.77 
2.09 
2.19 
2.13 
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Corvair 
Falcon 
Valiant 
Lark 6 
Rambler A 
Rambler B 
Peugeot 
Fiat 2100 
Jaguar 3.8 
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Fig. 2— Jag- 
uar 6-cyl en- 
gine has dual 
overhead cam- 
shafts. 


Fig. 3 — Mercedes 6-cyl 
engine has single, chain- 
driven overhead cam- 
shaft. It has been de- 
signed to run continu- 
ously at 6000 rpm. 





Fig. 4 — Alfa Romeo engine. 
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which fact, converted to bore size, indicates that it 
occupies no more space than a conventional 6 with 
cylinder diameters of 3.23 in. 

The Studebaker 6 dates back to 1939, but main 
bearings are now no less than 3.06 in. in diameter, 
to achieve torsional rigidity. The price paid for 
this appears to be somewhat higher than normal 
friction: about 33 bhp at 4000 rpm with bare engine. 
The two Rambler powerplants are virtually identical 
except for valve location and, being large, they can 
operate at low revs/mile and give nearly as good 
tank mileage as smaller displacement engines in 
comparable chassis. Incidentally, these engines 
have extremely short connecting rods at only 1.56 
times the stroke (l1/r=3.12). This appears to be the 
lowest ratio ever. 

The four foreign examples chosen all differ ma- 
terially from U.S. practice. Peugeot has used push- 
rod-actuated valves in H-type (hemispherical) com- 
bustion chambers for 15 years. The heads are cast 
aluminum and the included angle between valves is 
48 deg. The cylinder block is cast iron with wet 
sleeves. 

The new Fiat 6 (Fig. 1) features a unique inclined 
valve head with a small quench area. Though the 
combustion chamber appears to be hemispherical, 
the machining operations performed on it give it 
a more complex shape. 

Despite rather long connecting rods and small 
crankpins on the Jaguar double overhead-cam en- 
gine (Fig. 2), it never seems to give trouble. Its 
size and weight (about 575 lb with aluminum head) 
put it at a disadvantage in a compact car. The 
latest bored-out version, known as the 3.8 sedan, 
has siamesed cylinders, as do several other com- 
pacts, including the Rambler, the Lark, and the 
Mercedes. 

The Mercedes 6-cyl engine is surprisingly small — 
only 134 cu in. However, it has a single, chain- 
driven overhead camshaft and is said to be designed 
to run continuously at 6000 rpm (Fig. 3). Three 
versions of this unit are produced, of which the 
most powerful employs manifold injection by a 
Bosch intermittent-type pump. 

It is rather interesting to note that European de- 
signers do not share our belief in future higher 
octane ratings. Of course, what are compact cars 
to us are large cars in Europe, but eight of the 19 
imported cars listed in Table 1 (of Part I of this 
series, April issue p. 39) use hemispherical combus- 
tion chambers. These are the Alfa Romeo, Citroen, 
Fiat, Humber, Jaguar, Panhard, Peugeot, and Lancia 
(Figs. 4-7). In addition, the Rover uses an F-head, 
while all Mercedes models have single overhead 
camshafts except the 180-D—a push-rod-diesel. 
Thus, the majority of the European compacts do 
not favor the W or wedge chamber so universal in 
this country. 
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Fig. 6 — Humber engine. 
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Fig. 7 — Panhard engine. 
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EBBLE bed reactors are an interesting possi- 

bility for use in nuclear space vehicles during 
the next 10 years. Proposed Saturn boost vehicle 
payload capabilities are well-matched by the range 
of applicability of pebble bed reactors to space ve- 
hicles. The pebble bed reactor offers fuel element 
simplicity and versatility with respect to differential 
uranium loading. However, propellant pressure 
drops across the core are higher than for parallel 
plates or rods and structual supports are as difficult 
to construct. Nevertheless, the simpler elements 
with differential uranium loading radially and 
axially may affect an overall cost saving and might 
reduce reactor development time. 


Reactor construction 


A typical pebble bed reactor core is shown in Fig. 
1. It can be compared with a typical parallel plate 
core, which is shown in Fig. 2. Both cores are sur- 
rounded by a beryllium oxide lateral reflector. In 
the case of the parallel plate core, the reflector 
might consist of blocks with coolant holes; in the 
pebble bed system, the reflector consists of BeO 
pellets. Reactor control is achieved in both sys- 
tems via rotating elements in the reflector, con- 
taining boron for neutron capture. In the parallel 
plate system, the control elements are rotating pro- 
tions of cylinders, which move in slots in the re- 
flector; in the pebble bed case, the rotating ele- 
ments are somewhat simpler BeO drums using 
borated stainless steel on a portion of the surface. 
(The use of cylindrical plates results in lower mo- 
ment of inertia and faster response times.) 
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The parallel plate core permits (in the design of 
Fig. 2) the use of structural supports throughout 
the core with a distribution of the load. On the 
other hand, the pebble bed core utilizes a tungsten 
retention screen backed up by graphite support 
beams at the hot end of the core. The graphite 
beams, which may be reinforced with tungsten wire 
bundles, are 24-30 in. deep. The beams seat di- 
rectly on the convergent nozzle wall. The wall con- 
sists of regeneratively cooled tubes brazed together 
and wire-wrapped on the outer surface of the nozzle, 
commonly called “spaghetti” construction. Some 
of the problems in this support approach include 
high weight of structures and thick regenerative 
tube walls, which would be required; the possibility 
of nozzle wall burnout from high wall temperatures 
near the beams; and the possibility that the core 
may displace downward if the convergent nozzle 
wall expands due to the core load or high tem- 
peratures. 

An alternate support technique would transfer 
the core load up to the cold end of the reactor. The 
scheme, shown in Fig. 3, utilizes tungsten screens 
in the form of concentric baskets tied, via a breech 
connection, to the concentric graphite cylindrical 
partitions (which also serve to create separate flow 
passages). The load is taken through the graphite 
cylinders to the cold end, where the cylinders are 
attached to cylindrical metal hangers via segmented 
clamping rings. The hangers, in turn, are attached 
to extension rings integral with the pressure dome 
via clevis-type connections. In the case of the typ- 
ical nuclear space vehicle, the load from internal 
drag isin the range of 1.2 million lb. A preliminary 
stress analysis indicates that the system of Fig. 3 
is feasible for such a distributed load; the two 
inner graphite cylinders will be about 1.5 in. thick, 
the outer one about 1 in. thick. 

In the scheme of Fig. 3, the reflector BeO pellets 
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Fig. 4 — Critical mass of reactors for space vehi- 
cle propulsion. 
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Fig. 5 — Pebble diameters in reac- 
tor for space vehicle propulsion. 
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Fig. 6 — Axial pressure profile in 
reactor for space vehicle propulsion. 
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retain the pellets and a plenum is welded in place 
to collect the reflector flow. 


Nuclear and flow considerations 


The core has been compartmented for better flow 
distribution and a flatter gas temperature profile 
at the exit. The cylindrical graphite separators 
also serve as load-bearing members in the scheme 
of Fig. 3. Due to flux-buckling in a homogeneously 
fueled core, there is an increasing power density 
at the core center and, consequently, flow will tend 


to channel toward the outer periphery of the core. 


To prevent this, differential radial uranium load- 
ing would be required to flatten the power profile. 
(However, power flattening must not be achieved at 
the expense of the ability of the reflector drums to 
provide the reasonably large reactivity changes an- 
ticipated, which might average %2.% in 4k/k per 
drum.) Also, flow in each compartment would be 
“orificed”” by means of the end reflector, that is, 
the BeO sphere sizes would be appropriately varied 
in each compartment to permit greater flows 
through the high power regions. 

The same technique would be used to reduce 
the flow through the lateral reflector to the re- 
quired value (about 3.5% of the total flow.) In 
order to maintain a high ratio of solid to total 


PAYLOAD 


volume in the reflector, mixed sphere sizes will be 
used such that 30% of the spheres will have sphere 
diameters one-fifth that of the remaining 70%. 
In this way, by properly choosing the diameter of 
the spheres (while maintaining the 1/5 ratio), the 
flow rate through the reflector may be fixed at the 
design value. 

Fig. 4 shows the variation of critical mass of the 
reactor with reflector thickness and reflector void 
fraction for a 5x5-ft. right cylindrical core of 
uranium loaded graphite pellets and 40% void frac- 
tion in the core. In order to minimize engine 
weight, it is desirable to have as thin a reflector as 
possible (compatible with a low uranium inven- 
tory), as shown in Fig. 4, and a controllable re- 
actor, that is, one with a reasonably large average 
neutron lifetime. In prior work with flat plate ele- 
ment cores and solid BeO reflectors with cooling 
holes, it was found that a 6-in. reflector with 10% 
void provided a satisfactory design. Such low 
voids are virtually impossible with pellet beds that 
may be reasonably fabricated, since the filling of 
voids with smaller pellets results in new voids re- 
quiring still smaller pellets, ad infinitum. There- 
fore, the dual pellet size with 1/5 diameter ratio 
previously mentioned was used. The resulting 30% 
void may be compensated by an increase in critical 
mass of 0.3 kg. The cost of this additional U?** 
would be relatively negligible, while the savings in 
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NUCLEAR ROCKET using a 
< bleed cycle (reflector coolant hydro- 
gen used to drive the turbopump) 
is shown at left. 


The flow of hydrogen propellant 
may be followed from the pump 
through the regenerative cooling 
passages of the nozzle and reactor 
chamber; through the end reflector 
and the reactor core; and out the 
nozzle. 


The small percentage of total flow = 
(~ 3%) : 
and drives the pump may be used 
for thrust vector control or thrust 
recovery. 
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reflector fabrication and structures cost are believed 
to be considerable. 

From Fig. 4 it can be seen that, alternately, com- 
pensation can be achieved by increasing the re- 
flector thickness to 6.6 in. In this case, however, 
the cost of boosting the increased weight (450 lb) 
into a 300 nautical mile orbit would be on the order 
of $250,000. 

The effect of using cores with higher void frac- 
tions, as previously discussed, is to lower propellant 
pressure drop and so permit higher flow rates or 
lower inlet pressures. However, the critical mass of 
such a core will increase considerably and the re- 
actor will be less thermal. For example, in the 
present case of a 5x 5-ft right cylindrical reactor 
with a void fraction of 0.39, the critical mass is 
11.4 kg (Fig. 4). For the same reactor with pellets 
in a cubic array, the critical mass will be about 
16.1 kg. The cost of the additional U** is offset by 
the reduced cost of launching the lighter reactor; 
in fact, a net savings of about $500,000 is possible. 
However, the reactor control may be more difficult 
in the faster reactor, and reliability poorer. Also, 
the cost of fabrication of the cubic array in a cy- 
lindrical core will be higher than for random pack- 
ing. 


SAE JOURNAL 


In order to attain a relatively low pressure drop 
of propellant through the reactor core by maximiz- 
ing pellet diameter, the pellet diameters must be 
varied in the axial direction, as indicated in Fig. 
5, resulting in the axial pressure profile of Fig. 6. 
These curves refer to a 33,500-lb gross weight ve- 
hicle with a 10 lb per sec flow rate, but similar re- 
sults are obtained for cores with higher flow rates. 
In actual practice, the pellet diameters might be 
stepped in three or more groups, as indicated in Fig. 
5. In fact, a smaller pellet diameter may be neces- 
sary in the first group at the cold end of the reactor 
to reduce the pellet-diameter-to-effective-bed-di- 
ameter ratio and hence prevent excessive wall 
channeling and large average void fractions due to 
gaps along the walls. 

To fix pellet diameter at the largest permissible 
value at any point in the core, both temperature 
and thermal stress limits must be observed. The 
thermal stress was held to 70% of the reported ten- 
Sile strengths and maximum pellet center tempera- 
ture was limited to 4500 F. The resulting maxi- 
mum and average pellet temperatures are shown 
in Fig. 7. From this, it may be seen that the 
thermal stress limit (at the sphere surface) was 
controlling for the first half of the reactor length, 
while the temperature limit controlled for the re- 
mainder. This pattern of temperature-stress limi- 
tations appears to hold for all reactors considered, 
including the plate cores for high flow boost ve- 
hicles; however, the point where maximum tem- 
perature starts controlling sifts somewhat for dif- 
ferent cases. 
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Analytical Methods 
Bringing 


BREAK-THROUGHS 


in 


MATERIALS HANDLING 


Edward J. Hayes 

ATERIALS HANDLING begins with the vendors 

plant and ends with the delivery of a product 

to its user ... and modern analytical techniques are 

helping to get optimum results along many steps of 
the way. 

The modern techniques — most of which are based 
on “probability” procedures of some kind —are 
spreading steadily but slowly. They are an expense 
to use. Consequently, producers can properly install 
them only after careful study of applicability to in- 
dividual situations. 

Different techniques, of course, are found to fit 
different conditions ... of quantity requirement, 
available equipment, and existing manufacturing 
facilities. Work Sampling, the Queueing or waiting- 
in-Line Theory, and the Monte Carlo method are 
good examples of the variety of techniques now 
available. 

Work Sampling, for example, is likely to be used 
for making decisions as to acceptance or rejection 
of a product already past a given control point... 
or a product coming from a process over which sta- 
tistical control has not been exercised. In this 
method, decisions are reached by comparison of the 
measurable characteristics of the product with pre- 
viously-determined standards. 

The Queueing Theory, also called the “waiting-in- 
line” theory, was first applied to working out the re- 
quirements of new telephone switchboards. Now it 
is being applied to any operation where units arrive 
at an irregular rate at some point, from which they 
are passed on to some other point at a different rate. 
Aircraft arrivals at a busy airport and automobile 
traffic in general are two good examples of current 
application. (Central problem of the queueing the- 
ory is to calculate the relationship between the mean 
length of the waiting line and the degree of ran- 
domness of arrival and disposal. ... The calculations 
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are not too difficult, if both arrivals and servicing 
take place in a purely random manner.) 

The Monte Carlo Method is a technique whereby 
data are generated by use of some random number 
generator ...a pack of cards, dice, perhaps a roulette 
wheel. 

The data of interest (such as number of rejects in 
a given batch) are plotted or tabulated as a cumula- 
tive probability distribution function. Then, each 
random number or series of numbers which is “gen- 
erated” is used as a decimal value of the cumulative 
probability. The number in the data-of-interest 
corresponding to this cumulative probability value 
in the chart or table is then obtained. 

Recently a number of companies have adopted 
specialized procedures to improve processes in the 
area between the end of the vendor’s line and the 
beginning of the buyer’s manufacturing line. In 
this much neglected area, these producers are 
achieving substantial cost savings. The savings in- 
volve improvements in packaging, loading, trans- 
porting, and unloading. 

Typical of innovations which are bringing about 
improvements in these areas is Western Electric’s 
combining of a closed TV circuit with public address 
systems to control incoming truck shipments. 

Incoming highway truck traffic at WE’s Haw- 
thorne Works is heavy and continuous. Each in- 
coming load is routed to a specific truck dock — of 
which there are 17 — by a control room presided over 
by a single operator. He scans the incoming truck 
over a closed-circuit TV setup and talks with the 
truck drivers through a public address system. He 
finds out what each is carrying and directs them to 
the proper docks, or to a weighing scale. Thus, each 
truck goes directly to the “right” dock and is quickly 
unloaded by specially-designed fork trucks. 

Kinetic packaging is another process by which 
materials handling between vendor and user is being 
improved. Named by General Motors’ Ralph 
O’Reilly, Jr., kinetic packaging is based on the idea 
that a package — besides just protecting goods — 
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should be a dispenser ... a magazine which feeds the 
parts into automatic assembly machines. 

The kinetic packaging principle was borrowed 
from such things as the .50-caliber machine gun 
cartridge belt, which not only got the cartridges into 
the gun (the package), but also positioned and dis- 
pensed them in the automatic machine for which 
they were intended. 

General Motors uses this principle in the case of 
bearings, which are received in long, thin, cardboard 
packages. The packages are inserted vertically into 
the bearing assembly machines... and the bearing, 
already positioned by the package, feeds out by 
gravity. The long, thin packages are shipped to GM 
in large unit loads. 


Subsidiary benefits great 


While admittedly high in actual cost, use of mod- 
ern analytcal techniques has brought important 
subsidiary benefits to most manufacturers who have 
installed them. One successful producer, for ex- 
ample, testified recently that: 

“The supplementary benefits are tremendous. 
Usually, the great advances achieved result from the 
activity involved in setting up the system. 

“Most of these systems can’t be used unless new 
disciplines are set up throughout the handling oper- 
ation. The disciplines required, in other words, au- 
tomatically bring into being a better solution to the 
overall problem. ... The extra benefits often are 
analogous to those gained by installing an IBM sys- 
tem — where the number of clerks eliminated is not 
nearly as important as the improvements in the gen- 
eral procedures necessary to make use of the IBM 
system possible.” 

The real problem, according to another experi- 
enced producer, is not the cost of using the modern 
analytical techniques themselves, but the finding of 
equipment which will satisfactorily do the job the 
way the analysis dictates. 

Studies, for example, told one manufacturer that 
he needed a much simpler routing of his job shop 
work to varying stations. He didn’t find it easy to 
arrange. 

Another producer, faced with a somewhat similar 
problem, standardized his boxes and containers, and 
programmed a Barret Cravens tractor to follow a 
scheduled route and make programmed stops. Hav- 
ing checked costs carefully, he found it would be 
cheaper to Keep a man on the job than to put in 
automatic equipment. 

In justifying capital expenditures in this materials 
handling field, one producer starts with the concept 
that one man at $5000 per year equals 5% of a $100,- 
000 investment... and he finds that often he doesn’t 
need to make installations which, at first, seemed 
necessary, because 90% of his savings were already 
achieved from improvements resulting from the act 
of setting up the necessary systems for the new in- 
stallations. 

There are many criteria by which a materials han- 
dling operation may be judged as good, bad, or indif- 
ferent. One easy-to-apply criteria is this: The ex- 
istence of inventory in the aisles is an indication of 
poor handling. 
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ITH SMALL, lightweight, 1000-hp-and-up gas 

turbines now available, a new generation of 
highly mobile, off-the-highway vehicles may be 
born. Such vehicles, extending the present range 
of mobile vehicles to larger capacities, could exploit 
the light weight and small size of these turbines to 
the limit. In such vehicles, these “first-generation” 
gas turbines would not compete directly with the 
diesel .. . any more than the gasoline engine was a 
straight alternative to the horse. (If a particular 
one of these extended-range vehicles happened to 
need the characteristics of both a turbine and a 
diesel, at different times, a case might be made for 
an installation using one of each.) 

Assuming that this “new” off-highway vehicle 
was designed to use a gas turbine to begin with, the 
main problems would revolve around the engine and 
transmission characteristics required. 


Engine characteristics 


A power range of 1000 hp or more can be assumed 
because it is about in this range that the gas turbine 
starts to become really interesting as a mobile 
powerplant. In this range, for an equivalent degree 
of conservatism in design, the gas turbine’s weight 
will run to only 1/20th of that of a diesel .. . if we 
consider a specific weight of more than 1 Ilb/hp 
unnecessarily solid. 

This “first-generation” 1000-hp turbine is likely 
to weigh 1000 lb, occupy 15 cu ft of space and cost 
$40,000. (In smaller sizes the gas turbine would 
probably not be selected. The less power a ve- 
hicle design requires of a gas turbine, the more 
difficult it is to design the turbine. That is why 
the gas turbine probably has its most immediate 
possibilities for application in large off-highway 
equipment.) 

When the “second-generation” of small, light- 
weight gas turbines comes along in quantity pro- 
duction three to five years hence, price levels only 
half as high as now can be expected. 

The turbine power rating for this possible new 
generation of large, off-highway vehicles had best 
be quoted at the maximum power required for a 
hot day at altitude ... say for 100 F at 5000 ft 
altitude. Then the design should automatically 
limit the engine so that it never delivers more than 
this. 
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TURBINES May Power 
Off-Highway Vehicles 


This procedure recognizes that the turbine pro- 
duces 50% more power on a zero day than on a 
100 F day in summer ... and that its power falls 
off with altitude, due to the reduced air density. 
(At 10,000 ft, less than 70% of sea-level power is 
produced.) So, this “flat-rating” of the engine 
eliminates the need for carrying a lot of extra 
weight in wheels, transmissions, fuel systems and 
auxiliary drives to take the maximum power avail- 
able to suit the coldest day imaginable at sea level. 
(“Flat-rated” engines are in wide use on aircraft 
and insure the equipment always gets all the power 
it can use, but no more.) 

Power loss caused by soot deposits on the com- 
pressor blades can be restored by throwing a few 
handfuls of ground walnut shells (or other soft par- 
ticles) into the engine while it is running. The 
blades are cleaned off immediately. (Steam-clean- 
ing is not usually successful.) 

Particles of dust in the air, smaller than 100 mi- 
crons, have no apparent effect on the gas turbine 
engine ... but sand (over 100 microns) erodes the 
blades and reduces efficiency. When working with 
earthmoving equipment, substantial filters would 
be used on the air intake. 

This 1000-hp engine weighing somewhere between 
500 and 1000 lb can be switched about without much 
handling. Idle vehicles need not tie up valuable 
engines ... and turbines with overhaul periods as 
low as 1000 hr may turn out to be entirely 
economical. 


Transmissions 


Building the transmission to go with the gas tur- 
bine on these large off-highway vehicles may turn 
out to be much more difficult than fitting the gas 
turbine engine itself to the requirements. 

To begin with, a 1000-hp gas turbine turns at 
30,000 rpm or thereabouts — which must be geared 
down to less than 100 rpm at the wheels of a big 
vehicle. Second, in a simple single-shaft turbine 
engine, the output torque falls off as speed is re- 
duced, even more rapidly than in a piston engine. 

Thus, a mechanical transmission would use a 
primary reduction gear with a ratio of 15 to 20/1; 
a 10 or 12-speed shift gearbox, and possibly a hy- 
draulic torque converter as well. Even with plane- 
tary drives on the wheels to give a low-torque dif- 
ferential, the weight of the system would amount 
to 15 or 20 times that of the turbine engine alone. 

By using a somewhat more costly 2-shaft turbine, 
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with a free-wheel acting as a high-speed torque 
converter, the starting torque can be improved con- 
siderably. Although it is still not sufficient to elimi- 
nate a gearshift, the job is easier. 

To be really attractive, the transmission must be 
comparable in weight and compactness to the tur- 
bine engine. Mechanical variable-ratio gears have 
been built in the 100-hp range ...and studies have 
been made of their possible use. 

As things stand today, it appears that electrical 
drive, with separate dc motors on each wheel, is the 
most practical for large off-highway equipment. 


Brakes 


Large quantities of air at from 50 to 120 psi are 
available with the gas turbine installation to oper- 
ate brakes ... without having to install a separate 
engine-driven compressor. If electrical transmis- 
sion is used, the wheel motors probably would be 
driven as generators. The energy can then be dis- 
sipated either through resistance coils, or by driving 
the engine. 

The compression of a 1000-hp gas turbine engine 
absorbs up to 2000 hp itself. So, if the fuel supply is 
turned off, there is plenty of engine braking avail- 
able ...and the heat generated goes straight up the 
exhaust. 


Accessories 


Accessory power for hoists, winches, drill, etc. can 
be drawn in the usual way from an engine-driven 
hydraulic pump — or with an electric motor. Also, 
the gas turbine makes available large quantities of 
hpt exhaust gas at 800 to 1000 F which can be used 
for melting sticky or frozen earth if need be. 


Noise problem small 


Excess noise is not likely to be a problem with gas 
turbines installed in large off-highway equipment. 
Most objectionable noise from gas turbines comes 


from the exhaust ... and gas turbines used for 
driving machinery would have much smaller and 
quieter exhausts than those used for jet propulsion 
of aircraft. (A 1000-hp shaft gas turbine uses only 
5% as much air as an airline jet ... and ejects it 
at only 300 fps as compared with up to 2000 fps for 
the jet.) 
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Ceramics help solve 


William T. Monagle 


INDING SUITABLE MATERIALS for rocket en- 

gines has been a major problem over the years. 
This article covers some of the many ways in which 
ceramic bodies and coatings have been used in the 
solution of rocket problems. 

An example of the application of ceramic bodies 
to the solution of a typical liquid propellant rocket 
engine problem is the work done by Reaction Motors 
on an engine system to operate at 50,000 lb thrust 
for 25 sec as a booster unit for a ground-to-air mis- 
sile system. This unit was operated on red fuming 
nitric acid and anhydrous ammonia. Since low 
cost, simplicity of operation, and conservation of 
critical materials were main objectives, it was de- 
cided to use a pressure system with an uncooled 
thrust chamber (Fig. 1). This unit used such alloys 


Fig. 2— Nozzle material: TAM 
Zirconia; total time: 17 sec; 
area change: 58.2%. Com- 
ment: Nozzle appears to have 
been severely damaged as a re- 
sult of thermal shock. Only a 
semblance of the original con- 
figuration remains, although no 
cracking or damage of the back- 
ing material occurred. 


» Bodies and coatings made 


are successfully 


as 4130 and 17-22A(s) as jacket materials and var- 
ious ceramic bodies and backing cements as lining 
materials. 

As a preliminary to building the full-scale en- 
gines, a series of small-scale engines were fabri- 
cated and fired as a screening procedure for nozzle 
and lining materials. These tests were made under 
the following operating conditions: 


Thrust: 575 lb 

Chamber pressure: 450 psi 
Oxidizer/Fuel ratio: 2.05 
Specific impulse: 210 sec 


Most of the values given are average because of 
variations caused by tank pressure fluctuations, 
nozzle erosion, and similar factors affecting perform- 
ance. 

Figs. 2-12 show the most interesting nozzles upon 
completion of testing with shadowgraphs showing 
the extent of the damage done to the nozzles. 

As a result of these tests, a study of liner costs, 
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rocket problems cena 


CEMENT 


METAL 


from ceramics JACKET 


replacing other materials. 


Fig. 1— Uncooled thrust chamber with ceramic liner and 
backing cement. 


Fig. 3 — Nozzle material: Speer 
Grade 3383 Electrode Graphite; 
total time: 21 sec; area change: 
71.8%. Comment: This ma- 
terial is of no use whatever in 
this unit, since complete ero- 
sion of the throat area occurred. 


Fig. 4—Nozzle ma- 
terial: Molybdenum Di- 
silicide coating on Graph- 
ite; total time: 22 sec; 
area change 7.16%. 
Comment: Nozzle ero- 
sion occurred in several 
areas where the coating 
cracked and allowed the 
exhaust gases to contact 
the Graphite substratum. 
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Fig. 5 — Nozzle material: Bor- 
alite (Zirconium Boride) insert 
in Graphite; total time: 23 sec; 
area change: 0.45%. Com- 
ment: Failure of this unit was 
due primarily to erosion of the 
convergent graphite cone and 
to a radial crack through this 
section to the case. The insert 
shows no sign of erosion but, 
a hairline circumferential crack 
exists at the midpoint. This 
crack, however, is not so severe 
as to have prevented continued 
operation. 


Fig. 6 — Nozzle material: Sili- 
con Carbide coating on Graph- 
ite; total time: 25 sec; area 
change: 4.089. Comment: The 
entire throat area exhibits signs 
of severe erosion, but in a pat- 
tern indicating that the coating 
first failed in a series of radial 
cracks. Two radial cracks 
caused a complete split of the 
nozzle itself, but did not result 
in destruction of the backing 
material. 


Fig. 7 — Nozzle material: Na- 
tional Crucible 830; total time: 
24 sec; area change: 2.36%. 
Comment: Erosion of this unit 
was very even, but slightly more 
pronounced along the injector 
streak locations. Body appears 
sound. In fact, the edge of the 
converging cone, which had pro- 
jected approximately Vg in. into 
the chamber section, remained 
sharp. 


SAE JOURNAL 





rocket problems . . . continued 


Fig. 8 — Nozzle material: Na- 
tional Crucible 830; total time: 
66 sec; area change: 13.58%. 
Comment: Erosion along the 
ox streaks is pronounced, and 
marked roughening of the con- 
vergent and throat sections has 
occurred. The edge of the con- 
vergent section is almost com- 
pletely destroyed and it appears 
that the bond has been affected 
in the convergent section. 


Fig. 9——Nozzle material: Slip 
Cast Niafrax; total time: 17 
sec; area change: 8.70%. Com- 
ment: The general nozzle ap- 
pearance is very good, some 
erosion occurring at the throat 
— particularly along the injec- 
tor streaks. Erosion appears to 
have occurred primarily in the 
destruction of the fine grain 
surface layer to expose the 
larger particles in the core 


Fig. 10 — Nozzle material: Nia- 
frax A; total time: 116 sec; 
area change: 159%. Comment: 
This nozzle was run five times 
with run durations ranging from 
17-25 sec. The nozzle was 
still in good condition at the 
end of 73 sec. Cracks extend- 
ing through the wall to the 
backing cement occurred at the 
end of 95 sec and erosion in an 
uneven pattern had developed 
by the end of the last run. 
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Fig. 11— Nozzle material: | 
Crystolon-N; total time: 88 
sec; area change: 0%. Com- | 
ment: This unit, although 
much smaller in throat di- 
ameter than the others used, 
is perhaps the best appear- 
ing of all those tested. The 
backing cement apparently 
has a fairly high degree of 
refractoriness but did fail 
along the convergent edge 
and was replaced with Al- 
frax in that area. Marked 
streaking of the unit is pres- 
ent, and, the only erosion, 
which actually amounts to 
no more than a roughening 
of the surface, is present in 
those areas. A single radial 
crack (actually no more 
than a hairline) extends 
from the convergent edge 
to the throat entrance. The 
unit probably would continue 
to withstand repeated oper- 
ation. 


availability, and weight, it was decided to concen- 
trate on Niafrax A and Crystolon N bodies, both of 
which are silicon nitride bonded silicon carbides, as 
nozzle materials and upon Grade 3383 Electrode 
Graphite as the combustion chamber and exit cone 
liner material. 

Since the test results with National Crucible 830, 
a carbon-bonded silicon carbide, had proven so 
promising, it was decided to investigate the possi- 
bility of obtaining full-scale pieces for all three 
liner sections in this material. 

One of the problems to be overcome in a unit of 
this type is the bonding and supporting of the ce- 
ramic bodies in the metal jacket. In this case, a 
mixture of gypsum cement and flake graphite pro- 
vided an adequate solution. The assembly procedure 
used with this chamber is shown in Figs. 13-22. 

A silica bonded zirconia cement in combination 
with interlocking liner pieces proved suitable for 
preventing gas leakage at the liner joints. 

Close control of the factors affecting the strength 
of the backing cement is extremely important to in- 
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Fig. 12 — Nozzle material: Al- 
fred A-410; total time: 6 sec; 
area change: 29.5%. Com- 
ment: Complete destruction of 
the material appears to have 
occurred as a result of pieces 
pulling loose because of the 
high gas velocity. One radial 
crack extended to the wall and 
resulted in a burnout approxi- 
mately 1% in. in diameter. 


sure the reproducibility of performance of this type 
of chamber. Among the more important variables 
requiring control are the age of the cement, slaking 
and mixing times, the amount of water used in the 
mixture, and the process used in curing the ma- 
terial. 

Extensive testing during which a series of more 
than 200 runs were made over an extended period, 
under a wide variety of operating conditions, 
proved the adequacy of this design and of the 
graphites Crystolon N and Niafrax A originally se- 
lected for the job. 

Our work in attempting to incorporate full-scale 
pieces of National Crucible 830 proved unsuccess- 
ful, however, when spalling and cracking of the 
test shapes shown in Fig. 23 occurred in every case. 

It is felt that the difference noted in the small- 
scale and full-scale tests resulted from differences 
in the fabricating procedures used in the different 
size samples. 

The press used for forming the small specimens 
proved to be of insufficient capacity to achieve the 
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rocket problems . . . continued 


Fig. 13 — Fixture for thrust chamber assembly. Fig. 14 — Nozzle extension mounted on fixture. 


Fig. 15 — Exit cone liner in place. 


Fig. 16 — Positioning of thrust chamber jacket. 


Fig. 17 — Applying cement on throatpiece. Fig. 18 — Applying cement on thrust chamber liner. 
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Fig. 19—Clamping chamber liners in 


position. sion to jacket. 


Fig. 22 — Completed thrust chamber. 


small nozzle density on the large pieces and a 
spinning-type pressing technique used for crucibles 
produced the laminations which apparently caused 
spalling. 


Guardian engines 


Another type of pressure-fed liquid-propellant 
engine on which Reaction Motors recently com- 
pleted development is the packaged liquid power- 
plant used in the Guardian engines developed for 
the Sparrow III (Fig. 24), and for the Bullpup 
(Fig. 25). 

These units incorporate the various advantages 
of the solid propellant motor, that is, ease of han- 
dling and storage, instantaneous readiness for use 
with the higher performance, improved temperature 
stability, as well as the advantages of the liquid 
propellant engine. 

The sectional view of the Bullpup 
shows the construction of these units. 


(Fig. 26) 
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Fig. 20 — Marmon joint — nozzle exten- 


rocket problems . . . continued 


Fig. 21 — Pouring ceramic liner backing. 


Fig. 23 — Full-scale tests of National Crucible 830 were unsuccessful. 
Spalling and cracking of the test shapes occurred in every case. 


The unit consists of a pair of propellant tanks 
surrounding a chamber containing the pressurizing 
medium (in these units a solid propellant grain) 
and a second chamber in which the combustion 
occurs. A coating of Rokide Z forms an insulating 
layer on the cooled aluminum combusion chamber 
wall and on the copper nozzle and exit cone. 

Performance tests on these units have been suc- 
cessfully completed and production contracts for 
both engines have been awarded to Reaction Mo- 
tors. The Rokide coating has proved reliable and 
the coating process has proved amenable to opera- 
tion by manufacturing personnel without extensive 
training. 

The use of the Rokide process, despite the disad- 
vantages of high rod material cost and a lower ap- 
plication rate than the powder-type flame spray 
processes, is based upon test results indicating a 
high degree of reliability and superior adherence 
and erosion resistance to the powder-type coatings. 

In a production operation, it is possible to pur- 
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Fig. 24 — Packaged liq- 
uid powerplant used in 
Guardian engine devel- 
oped for the Sparrow III. 


Fig. 25 — Packaged liquid powerplant used in Guard- 
ian engine developed for the Bullpup. 


Fig. 26 — Sectional view of the Bullpup showing unit's 
construction. 


Fig. 27 — Procedure used 
to coat regeneratively 
cooled thrust chamber 
developed for the X-15. 
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rocket problems 


. . . continued 


chase larger quantities of rods with resultant re- 
duction in unit cost. 

The lower rate of application is more difficult to 
overcome. For applications where the most obvious 
solution — use more guns—is impossible because 
of the size or shape of the unit being coated, the 
recent development of improved flame spray guns 
and of large diameter rods (3/16 and 1% in.) should 
prove to be a reasonable answer. Since the large 
diameter rods are easier to produce, the per pound 
cost of the coating material in these sizes is much 
less than that of the 44 in. rods originally employed. 


Fig. 28 — New semi-automatic coating machine is capable of ap- 
plying a uniform coating at a closely controlled spray angle in a 
reproducible manner. The unit is set up for metallizing. 
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The use of the large diameter rods thus becomes a 
method of increasing application rate and of re- 
ducing material cost. 

In addition to the Guardian engines, Reaction 
Motors is also using the Rokide Z coating on the 
regeneratively cooled thrust chamber developed for 
the X-15. The system is a turbo rocket type, with 
firing times ranging up to 5 min and cyclic opera- 
tion (repeated stops and starts an absolute neces- 
sity). 

Fig. 27 shows the procedure used in coating this 
type of chamber. Control difficulties with this 
coating technique led to the design of the semi- 
automatic coating machine shown in Fig. 28. The 
unit is set up here for the metallizing operation. 
This machine is capable of applying a uniform 
coating at a closely controlled spray angle in an 
extremely reproducible manner. 

A question sometimes raised on the use of these 
insulating coatings is “What do we really gain?” 
Fig. 29 answers this question. Here, the heat input 
to the coolant Q/W°:* has been plotted against C* 
for test results obtained with both coated and un- 
coated thrust chambers used in conjunction with 
various injector configurations. Note that a de- 
crease of approximately 20% has been effected in 
the heat input to the coolant in the coated thrust 
chambers. 

The applications of ceramic bodies and coatings 
reviewed in this article are but a few of the many 
where ceramic materials have proven their worth 
in rocket engine applications. 

In addition to the present areas of application, a 
large number of new areas and new materials re- 
main to be explored. There is little in the way of 
precedent to guide the designer and very little in- 
formation available in the literature that can be 
related to the operating conditions to which the 
materials will be subjected in such applications. 
The success of many of our future rocket develop- 
ments, however, depends upon the successful ac- 
complishment of these materials exporations. 
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Fig. 29—A decrease of approximately 20% 
has been effected in the heat input to the 
coolant by coating the thrust chamber. 
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Fig. | — This upward seat escape system is used on the F-104. Aerial escape success rate has been raised to near 90% from the low of about 65% 


in 1945. 


Readying crew stations 
for near-space aircraft 


>» Human engineering aims to integrate man, not to 


accommodate him, in the man-machine relationship. 


Based on paper by 


Major John A. MacDonald 


Aircraft 


horato 
Laboratory 


at-Patterson AFB 


ght Air Development NV rigt 
HANGES, advancements, and refinements to air- 
craft/spacecraft crew stations will come from a 
more intimate knowledge of the human being’s 
abilities. In the man-machine relationship, man is 
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the constant and the machine will be designed to 
complement and integrate him rather than accom- 
modate him as we now do. We've just begun to 
engineer for this human being. 

Human engineers of the Special Projects Branch 
have been able to lift the aerial escape success rate 
from a low of about 65% in 1945 to just under 90% 
this year. With this there has been a healthy in- 
crease in the success rate of subsequent survival 
attributable to constant improvement in personnel 
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equipment and survival training. The increased in- 
terest in flying the hot ones and the reduction in 
number of Air Force widows is gratifying. 

The modern escape system is highly complex. 
Fig. 1 shows what it takes to operate the complete 
upward seat system in the F-104. All these thrust- 
ers, initiators, boosters, delayers, actuators, and cat- 
apults must work without fail to their designed 
force in proper timed sequence, under all operational 
temperature and field conditions. Our greatest 
problem is to assure crews that it will work success- 
fully but only when set in motion early enough to 
complete its designed cycle. 

We now have automatic lap belts and shoulder 
harnesses. Sensing devices cause them to position 
the body so that maximum accelerations can be 
absorbed correctly. Crew members now may work 
in unrestrained comfort and still have the full 
safety of restraining equipment available instantly 
and automatically. 

Our sealant progress has made great strides in 
the last few years with the help of new polymers 
and silicones. However, radiation, algae, and very 
high temperatures are going to be tough barriers 
to break through. 

We have glass and plastics in which we have faith 
for our near-space vehicles. Attachments and seal- 
ing will be our work area for the future. Optical 
and electronic equipment may soon replace the 
windshield. When this happens, the cockpit may 
be any place in the airplane. 


Crew station area design 


Refinements in the crew station area will be 
great, but we foresee virtually no basic changes in 





Fig. 2— In this experimental, light-weight, net and 
tube crew seat, a trained rider can withstand 17g 
and do useful work for as long as 30 sec. 


this area for the B-70 and Dyna Soar aircraft. 

The design of most of the crew station compo- 
nents will closely follow today’s configuration be- 
cause the operator’s experiences require this simi- 
larity. Vehicles will be controlled by hand motions 
rather than by brain wave impulse or eyelid flutter. 
Control motions will continue to be oriented to the 
vehicle motions whenever possible to maintain nor- 
mal human reaction to motion. 

Costs also militate against radical change. It is 
to the advantage of the Air Force to have as many 
common items as possible in weapon systems so 
that costs to the taxpayers are cut and the number 
of world-wide stock bins is reduced. Common fas- 
teners for the Thor and Atlas, for instance, would 
be a big help. This is the old problem of Macy’s 
telling Gimbel’s. 

Ten years from now the pilot will still sit in his 
machine and look at instruments; the cockpit will 
still resemble a cockpit. The pilot’s sitting attitude 
may change in relation to the direction of motion, 
and there may be fewer gages to monitor to obtain 
more information. 


Major advance in crew seats 


By starting from scratch rather than adapting 
our design for a crew member seat, we have re- 
duced the normal weight for seats by 90%, at the 
same time increasing the g load tolerance for the 
occupant by several hundred per cent. For exam- 
ple, a normal pilot starts having vision problems at 
about four times gravity. A pilot wearing a g suit 
and in good physical condition can withstand eight 
times gravity for several seconds before blackout. 
However, sitting in our new net and tube seat, just 
about anyone can ride in shirt-sleeve comfort at 12 
times gravity and a trained rider can withstand 17g 
and turn out useful work for as long as a 30 sec or 
more. This experimental light-weight crew seat is 
shown in Fig. 2. 

A by product of the design was a crash load ab- 
sorption feature. A drop tower test made with an 
instrumented dummy in the seat showed that at 
90g the attenuation of the net resulted in a 35g load 
on the dummy, which is well within human toler- 
ance levels. 

Strangely enough, the back angle and contour 
account for this enlargement of the human toler- 
ance envelope. The new envelope allows booster 
engine design of twice the thrust and half the time 
and weight for certain types of proposed flights. A 
very thin wall, high-strength steel tube with tough 
synthetic fiber net account for the light weight high 
strength, high load dampening, and comfort in this 
seat. 

At the present we are still stuck with sticks and 
wheels for controls, probably because Wilbur and 
Orville used them. However, we’ve been experi- 
menting with an integrated seat-control idea in 
which the normal flying control motions would be 
made with the arm rests of the seat. Several mock- 
ups have been built, and one configuration has been 
flight-tested with some success. Some day it may 
make a big change in the cockpit. “Look Ma! No 
Wheel!” 
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Statistical design techniques simplify 


Multivariable Investigations 


reduce work needed to 


- select area of interest in a complex study. 


- explore it intensively. 


3 


. J. Youden 
TATISTICAL DESIGN TECHNIQUES which have 
been developed in the last 15 years can greatly 
simplify multivariable investigations. These tech- 
niques can be used for complex studies where the 


experimenter is concerned with: 


@ Selecting for study a few important variables 
from a considerable number. 

e Ascertaining the quantitative effects of vari- 
ables already selected. 


Screening the variables 


Important variables are usually screened from a 

lengthy list by trying each variable at two or perhaps 
three levels. This task would be formidable if all 
possible combinations of these variables and their 
levels were investigated. Fortunately, there is no 
need to use more than a small fraction of these 
numerous possible combinations. 
Fractional factorials — The problem is to select effi- 
cient subsets from the total array of possible experi- 
ments. In the technique using fractional factorials, 
the subsets are carefully selected in order to main- 
tain a systematic coverage of the experimental re- 
gion. 

The general principle employed can be visualized 
by studying Fig. 1. The cube shows the eight possi- 
ble combinations of three variables — A, B, and C — 
each at two levels. One corner of the cube is at the 
origin of three axes assigned to the three variables. 
... This origin corresponds to a selected initial level 
for each of the three factors. Point a corresponds 


JUNE, 1960 


to a change in variable A from the initial level to 
level a, the other two variables remaining at their 
initial levels. Similar statements hold for points b 
andc. Point ab corresponds to changes for variables 
A and B from their initial levels to the levels to the 
levels a and b, variable C remaining at its original 
setting. There are corresponding points marked ac 
and be. Finally there is a point abc representing an 





Fig. 1 — Eight corners of cube represent the eight combinations 
of three factors, each at two levels. 
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Table 1 — Classification of data in 4 groups to determine 

whether effect of variable in question depends on setting 

of another variable. Table is for a one-fourth subset of 
eight variables each at two levels. 


Level for Level for variable A 
Variable B Initial Alternative 
hi Average of Average of 
Initial 16 results 16 results 
. Average of Average of 
Alternative 16 results 16 results 
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experiment in which all three variables have been 
changed together. 

If four experimental runs are made under the 
conditions specified by points o, ab, ac, and be (indi- 
cated by heavy dots) the experimental space is cov- 
ered in a uniform manner but at a lower density 
than would be achieved if all eight combinations 
were tried. If there are a sufficient number of vari- 
ables, the subset may be 4, 1, 1/16, or even smaller 
fraction, of the total number available. 

Advantages of the fractional factorial are sensitiv- 
ity for the detection of the effects of a variable, and 
ease in examination of the data. For all two-level 
programs, the subsets are of such a nature that half 
of the results are obtained with the variable at the 
alternative level. Thus the whole body of data may 
be divided into two equal parts and the average found 
for each part. Comparison of the two averages 
shows whether a change in the variable produces an 
effect on the average. The phrase ‘‘on the average” 
in this setting means over a considerable variety of 
combinations of the other factors. There will be a 
considerable number of results back of each average 
which greatly reduces the effect of random errors in 
the results. 

These averages leave something to be desired be- 
cause there are certain situations which are sensi- 
tive to changes in a particular variable and other 
situations where a change in this variable is of no 
consequence. If the subset isn’t too small a fraction 
of the whole number of possible experiments, and is 
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Table 2— Weighing designs — schedule for eight experi- 
ments with seven variables at two levels. 


Experiment number 


VOUUDDDEDDOUAUGDDODEEDEDEREOAEETLLTET TOD EE EES 


Variable 1 2 3 - 5 6 7 8 
A 0 0 0 0 1 1 1 1 
B 0 0 1 1 0 0 1 1 
Cc 0 1 0 1 0 1 0 1 
D 0 0 1 1 1 1 0 0 
E 0 1 0 1 1 0 1 0 
F 0 1 ] 0 0 1 1 0 
G 0 1 1 0 1 0 0 1 


PePePeeeeOeneenent 


properly chosen, it can be determined if the effect of 
the variable in question does depend on the settings 
for other variables. 

To do this, the data are divided into four groups 
with equal numbers of measurements in each group. 
If two variables— say A and B—are selected, the 
measurements are divided into the following groups: 
(1) all results where both A and B are at the initial 
level, (2) A is at the initial level and B at its alter- 
native level, (3) B is at its initial level and A at its 
alternative level, and (4) both A and B are at their 
alternative levels. 

Table I shows this classification of data. The 
averages for the four groups make it possible to com- 
pare the effect of variable A when variable B is at its 
initial level, with the effect of variable A when B is 
at its alternative level. A one-fourth subset of eight 
variables permits the construction of 28 such tables. 
These are all the possible pairings that can be 
formed among eight variables so that the influence 
of any one variable on any other variable may be de- 
termined. Clearly if the effect of a variable is inde- 
pendent of the level of another variable (or vari- 
ables), this will greatly simplify subsequent work. 

The experimenter, in some cases, may be fairly 
certain that some variables do act independently of 
other variables. In that case there is an advantage 
in giving up the opportunity to prepare the four 
groups for selected pairs of variables. The advan- 
tage comes in the opportunity to use a smaller sub- 
set. In selecting the subset the goal is to preserve 
the comparisons of interest and sacrifice those 
deemed unimportant or negligible. 

The number of experiments can be cut down by 
changing the level of just one factor ata time. Sup- 
pose that a first run is made with every variable at 
some initial setting. Eight further runs may be 
made changing each variable in turn to an alterna- 
tive level leaving the other variables set at their 
initial values. With this approach, the detection of 
an effect must be made on two single runs and the 
advantage of using averages is lost. Furthermore, 
the effect of the variable may depend on the choice 
of the initial set of conditions. The opportunity to 
detect interdependence of factors is also lost. 
Weighing Designs —If the ability to detect inter- 
dependence of factors is going to be sacrificed, the 
technique of weighing designs is superior to chang- 
ing one variable at a time. 

Consider seven factors A through G and denote 
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the initial levels by 0 and the alternative levels by 1. 
Table 2 shows a schedule for eight experiments. The 
first experiment calls for all variables to be set at 
their initial levels. In each succeeding experiment, 
four of the variables are set at their alternative 
levels. 

This method of assigning levels for the eight ex- 
periments introduces a desirable symmetry into the 
program. Each variable has been set at the initial 
level four times and at the alternative level four 
times. The four experiments at the initial level of 
any one variable include two runs at the initial level 
and two runs at the alternative level for each of the 
other six variables.... The same relationship holds 
for the four runs at the alternative level of that vari- 
able. Therefore changes in the other six variables 
are neatly balanced off against each other. 

Consequently the two levels for any variable may 
be examined by comparing the average of four runs 
made at the initial level with the average of four 
runs made at the alternative level. This reduces the 
experimental error to one-half that applicable to 
comparisons between single results. The effect of 
changing a variable is also obtained over a broader 
range of conditions than the single point that is se- 
lected when one variable is changed at a time. 


Intensive exploration of selected area 


Once the important variables have been identified, 
a more intensive study may be undertaken to ascer- 
tain the conditions under which — for example — 
maximum horsepower will be obtained, or minimum 
consumption of fuel per mile achieved. 
Factorial program may be too rigid— With the 
smaller number of variables, a complete factorial 
program would seem to make it possible to draw 
families of curves that would display all relation- 
ships involved. But there can be difficulties when 
the individual curves are not only displaced verti- 
cally on the graph paper, but are shifted laterally as 
well. Then a choice of levels suitable for defining 
the uppermost curve may miss the interesting parts 
of lower curves... the factorial experiment may be 
over-rigid. 
Response surface designs — The observed responses 
of the system under investigation may be considered 
to be some unknown function of the variables. Sup- 
pose that the investigation has been narrowed down 
so that the interest lies in a fairly precise evaluation 
of the efforts of a few variables over a rather limited 
range of values. The observed response can be vis- 
ualized as a surface which may, over not too large a 
region, be approximated by an empirical function of 
the variables under investigation. The function 


R=b,+0,27,+ 0,2, +...+D,,%,2+ 
b..2,” TeeetT Dy2T,T, +... 


may serve as a suitable approximation, just as linear 
or quadratic interpolation is often used over short 
ranges of complex functions. 

Evaluation of the coefficients in this equation re- 
quires some runs at predetermined levels of the vari- 
ables. Schemes for selecting convenient combina- 
tions of levels of experimental variables have been 
evolved. 
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B-58 
Reliability 


HE B-58 RELIABILITY PROGRAM has been 

comprehensively revealed by Convair and 
two subcontractors (Sperry and Emerson Elec- 
tric) in SAE publication SP-183. 


Although originally scheduled as a single pres- 
entation (Paper No. 157A) at the SAE National 
Aeronautic Meeting, the information expanded 
into a seven-part story of the overall reliability 
program Convair undertook under the weapons 
system concept. 


The contents of the publication are: 


Part I— General Organization, Approach, and 
Overall Features 
Dr. N. H. Simpson, manager of reliability, Con- 
Fort Worth, Fort Worth, Tex 
Part 11 — Mathematical Reliability Model 
R. E. Brady, R. D. Chase and B. M. Wall, En- 
gineering Systems Reliability Group, Convair- 
Fort Worth, Tex 


- . 
Fort V/orth 
ro VVO 


Part Il — Failure Reporting System 
J. L Coburn, reliability projects administrator, 
rth, Fort Worth, Tex 


( onvair-Fort A/c 
Onva me vVO 


Part 1V— Prime Contractor's Implementation 
Action with Subcontractors 
) L. Coburn 


Ce 3 1, reliability project 


s admir 
r \ j l -. 
r-Fort Worth, Fort Worth, Tex 


Strator, 


Part V—Sperry’s Reliability Program for the 
B-58 Bombing-Navigation System 


W. J. Huber, assistant director, Reliability and 
Quality Control, and E. Klosko, S. A. Rosenthal, 
W. J. Tompson, Reliability Engineering, Sperry 


Gyroscope Co., Great Neck, N. Y 


Part Vi — Emerson MD-7 Fire Control System 
Reliability Program 


Gene Barnard, chief, Reliability and Compon- 
ents Division, Emerson Electric Mfg. Co., St. 
Louis, Mo 


Part VII — Utilization of Data 
N. H. Simpson, manager of reliability, 
Fort Worth, Fort Worth, Tex 
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Axle and transmission 


Based n paper by 


R. K. Nelson and L. J. Valentin 


ton Mfc (¢ 


HERE are marked differences in the lubrication 

requirements of a motor truck transmission and 
rear axle. Before a single lubricant can be de- 
veloped which meets the requirements of both com- 
ponents, the differences in requirements must be in- 
vestigated in respect to: 


@® Load carrying. 

@ Operating temperatures. 

@ Rolling and sliding velocities. 
@ Lubricant properties. 


Load-carrying requirements 


The transmission and rear axle must be able to 
absorb the engine torque and horsepower. More- 
over, the lubricant must have its load-carrying 
characteristic aligned directly to the torque and 
horsepower requirements in order to insure proper 
lubrication of both transmission and rear axle parts 
under all conditions. Transmission and rear axle 
performances differ upon change in torque and 
horsepower, therefore, their load-carrying require- 


requirements 


ments must be considered under conditions of high 
horsepower — high torque, and high horsepower — 
low torque. 


High horsepower — high torque conditions 


A transmission must be able to absorb engine 
torque multiplied by the transmission gear ratio. 

A rear axle must withstand engine torque plus 
torque developed from the transmission gear re- 
duction. 

As an example of determining load requirements 
under high torque conditions, let us take a typical 
truck engine, transmission, and rear axle with the 
following specifications: 


Engine Torque: 385 lb-ft 


Transmission Reduction: First — 8.08/1 
Second — 4.67/1 

Third — 2.62/1 
Fourth — 1.38/1 


Fifth — 1.00/1 


Axle: 21,000 lb rating spiral bevel of 6.5/1 ratio. 

From the foregoing the tooth loadings are obtained 
as shown in Table 1. From highway operation it 
is known that a 5-speed transmission with the fifth 


Table 1 — Transmission and Rear Axle Tooth Loads 


Transmission 


Transmission 


Rear Axle 
Rear Axle Over 


nhestinn Tooth Load, Tooth Load, Transmission 

Ib/in. face Ib/in. face Tooth Load 

Increase, % 
8.08/1 7330 13,625 85.8 
4.67/1 5070 7875 55.3 
2.62/1 2500 4420 76.8 
1.38/1 1960 2330 18.8 

1.00/1 0 1690 — 
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lubricant 


compared 


direct, operates in the various gears the percentage 
of time shown in Table 2. The two tables make this 
apparent — the rear axle lubricant must be able to 
absorb greater torque or provide better load-carry- 
ing qualities than a transmission, especially in the 
first three gears. Even though operation is only 
15% in these gears, that’s when gears are destroyed 
if the lubricant lacks extreme-pressure qualities. 

In off-highway operation the first three gears are 
used 50% of the time, making e-p lubricants for the 
rear axie even more essential. 

Under shock loading at any time, rear axle tooth 
loadings will rise sharply. If such loading is too 
frequent or severe, even e-p lubricants can’t prevent 
ring gear or pinion tooth failure. 


High horsepower — low torque conditions 


Under conditions of high horsepower and rela- 
tively low torque, mineral oil will attain results 
comparable to those with an e-p lubricant. 

This fact was brought out by 5-hr dynamometer 
tests of a 16,000-lb capacity spiral bevel axle of 
4.875/1 ratio, using mineral oil and e-p lubricant. 
Here the output horsepower was 124.6 and the ring 
gear tooth load was 1410 lb/in. face. There was no 
scoring or scuffing of ring gear or pinion tooth sur- 
faces with either lubricant. The mineral oil 
reached a maximum temperature of 145 F, the e-p 
lubricant reached 139 F. 

Past experience, particularly in fleet operation, 
shows that spiral bevel ring gear tooth loads in ex- 
cess of 2000 lb/in. face in direct transmission gear 
operation will result in early tooth failures even 
with the best e-p lubricant. Loads must be Kept be- 
low that figure to get optimum performance from 
the lubricant. 


Operating temperatures 


In highway operation a transmission will attain 
a temperature of 180 F while axle temperatures in 
spiral bevel gears will reach 170-180 F when ambient 
temperature is above 60-70 F. 

In off-highway service a transmission will op- 
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Table 2 — Time Spent in Various Gears with 
5-Speed Transmission 


HT 





Gears Time in Gears, % 
1 2 
2 3 
3 10 
4 25 
5 (direct) 60 


erate at 225-240 F with axle temperatures remain- 
ing about 170-180 F. Sometimes axles run cooler in 
off-highway than in highway service. The trans- 
mission temperature exceeds that of the axle be- 
cause of the high torque at relatively low speed and 
because of the reduction in airflow. 

Close correlation of axle and transmission tem- 
peratures in highway service is attributable to the 
predominant direct gear operation where transmis- 
sion loads are zero and rear axle tooth loads are 
1600-1800 lb/in. face. Airflow also helps to stabilize 
temperatures. 


Rolling and sliding velocities 


In transmission gearing (essentially of the helical 
and spur geartypes) and in rear axle spiral bevel 
gearing, sliding and rolling velocities are about 
equal. Nevertheless, the difference in tooth load- 
ing between transmission and axle gears makes e-p 
lubricants essential for rear axles. 

When the pinion is moved from the ring gear cen- 
terline, the result is hypoid gearing, and sliding ve- 
lccities then exceed rolling velocities. Hypoid axles 
require the finest e-p lubricant because the higher 
sliding velocities increase frictional ferces, resulting 
in higher operating and tooth surface temperatures. 


Lubricant properties 


Bushings and journals in transmissions will fail if 
inadequately lubricated. Bushings and _ thrust 
washers in rear axles are less critical, but in both in- 
stances the lubricant must be compatible with 
bronze bushings. 

Bushings and bearings in both transmissions and 
rear axles must be protected from rust and cor- 
rosion and the anticorrosion properties must meet 
the higher temperatures of transmissions. 

Foaming occurs with both transmissions and 
axles. Defoaming agents will solve this problem, 
but they must be of the highest quality. 


To order Paper No. 192C .. . 


from which material for this article was drawn, see p. 6. 


69 





Airlines don't want Mach 3+ 


Here, the chief engineer 
of an airline talks back and tells 
bluntly why he thinks Mach 3- 
transports are pie in the sky. 


He issues a clarion call to 
the airlines to collaborate with 
manufacturers NOW to get what 
they want instead of what is 
available. 


Based on paper by B. S. Shenstone 


British European Airways 


HE AIRLINES are being told by several manu- 

facturers that the only thing to buy is the Mach 
3 or 3+ airliner. Why this number? Was it chosen 
for or by the airlines? It was not. No airline engi- 
neer wants it. 

One of the big points made is that the One True 
Economy, the balance between bad L/D and good 
specific fuel consumption, occurs at Mach 3 or a 
little higher. This I do not believe, considering the 
data available. It is a matter of assumptions and 
thickness of lines and hunches and has no true en- 
gineering validity. The hump at Mach 1 certainly 
occurs and thereafter things get better. But when 
reaching into the unknown it is difficult to sight 
along the curves with any confidence, as they are so 
diffuse and woolly. With no great technical ingenu- 
ity one can show the best economics to occur any- 
where from Mach 1.3 to 3.5, so let’s forget the special 
magic of Mach 3+. Mach 3+ as an idea may well have 
arisen through military/commercial competition; 
that is, through fear. The struggle to show econ- 
omy may have come later. 


Constant progression is aim 


Airlines are conservative. Whenever, in tempo- 
rary aberration, they cease to be, they regret it. 
They have to be conservative to stay in business and 
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Mach 2 


aircraft must come first 


mn Hersey ' wut 


this conservatism (scarred by early wildcat ven- 
tures) includes fostering all developments likely to 
increase business. 

One of the basic experiences of airlines is the need 
for constant progression, not sprinting or pole- 
vaulting. Let’s consider speed. Successful airlines 
have thus far increased speed, as one type succeeded 
another, by not more than 30-40% ata time. Fig. 1 
shows this almost constant progression through the 
DC-Series, beginning with the DC-3. Other series 
aircraft transcribe a similar curve. 

The ratio F, which is the speed of the new type as 
the ratio of the speed of the type it replaces, is drawn 
for the value of 1.4, on the assumption that each new 
aircraft type is 40% faster than the last one. The 
curve is slightly optimistic, but what does it matter 
when the next type is to have a value of 3.6? For the 
sake of good sense, aircraft speeds of Mach 1.3, 2.3, 
and 3.3 are shown as they lie with respect to the 
curve if each is considered as replacement aircraft. 
It shows Mach 3+ to be a major aberration. The 
curve is shown on a linear speed scale so that no- 
body will get the idea that F = 1.4 is grossly conserva- 
tive. 


Too much, too fast 


How are the airlines to swallow at one gulp a 350% 
increase in speed and, in achieving it, deal with 
problems of fundamental nature in structures, aero- 
dynamics, operation, and air traffic control and not 
go broke? It is, bluntly, nonsense. You may retort 
that the old-fashioned increment of 40% can no 
longer work because of the Mach 1 hump. Forty per 
cent more than 600 mph is 840 mph, or about Mach 
1.3. Military data and research on economics have 
shown that good aircraft, usable aircraft, can be 
made for Mach 1.3. 

It must not be forgotten that the aerodynamic 
jump between the subsonic and Mach 2, and even be- 
tween Mach 1.3 and Mach 2, is enormous. The clas- 
sical aircraft is done for. Any attempt to retain 
features of the classical aircraft at such supersonic 
speeds is a mistake, and this includes the use of the 
long, circular-section separate fuselage. It is aston- 
ishing to me that so many of the tenative proposals 
made in the literature are combinations of thin 
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if airlines are to stay in business. 


wings, swept or unswept, and the long, cigar-shaped 
fuselage. Elementary considerations readily expose 
the necessarily inferior aerodynamic properties of 
these concepts. 


What about the engine? 


It is perhaps over the problem of the engine for 
Mach 3 that airlines are most disturbed. The en- 
gines will have to be entirely new to obtain the effi- 
ciencies needed, and in particular the intake prob- 
lem is very difficult, even at Mach 2. There are 
unsolved problems of temperature and fatigue in the 
Mach 3 engine, the solution of which may well in- 
crease costs considerably. In some of the assump- 
tions made in the literature, the engine has been 
assumed to cost no more to buy or overhaul than ex- 
isting turbojet engines. I think this is highly opti- 
mistic. These engines will have to withstand very 


_ PEED OF NEW TYPE 
SPEED OF EXISTING TYPE 


0 
DC-3 DC-4 DC6 DC-7 DC-8 


much higher intake temperatures and, although me- 
chanically they may be somewhat simpler than pre- 
sent-day, two-spool, bypass engines, they are bound 
to be more expensive to buy because of the exotic and 
expensive materials they will have to use to with- 
stand the temperatures. And as a result they may 
have an inherently lower overhaul life. Since air- 
lines will demand at least as good an overhaul life as 
at present, the attainment of this may make the en- 
gine even more expensive to buy, or alternatively, 
more expensive to overhaul because of a high rate of 
parts replacement. 

On the other hand, Mach 2 requires only an ac- 
ceptable extrapolation for the engines, the main 
problem being efficient intake design. 


What’s the hurry? 


People are now saying: “Although someone could 
produce Mach 2 for service in, say, eight years, in a 
few years more the Mach 3+ could be built and run 
the earlier machines off the map.” These figures 
imply orders given now, and if you fall for that you 
show your age. If I were an airline and had chosen 
to order a Mach 2 transport and my competitor had 
decided to order Mach 3, I would be the happiest air- 
line in the world because I would know from all the 
research done to date that I would have years and 
years of operation without serious competition. 

You will gather that I suspect that Mach 3+ air- 
craft will be found to be unsatisfactory if it is taken 
inonejump. So we shouldn’t jump. None of us can 
afford to bring any supersonic aircraft into service 
before the early 1970’s. But I suggest that even if 
you reach no further than Mach 2, airlines should 
now begin to collaborate with manufacturers while 
there is still time for airlines to get what they want 
instead of having to take what is available. 
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Fig. 1 — Each new model in the DC series has been about 30 to 40% faster than the preceding one, and 


this is true of other series of aircraft. 
craft to be an aberration. 
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The F ratio, drawn for the value of 1.4, shows the Mach 3+ air- 





Controlling noise 


per by F, R, Kishline 


OISE is the least predictable factor in the design 

of suspensions and their attachments to unitized 

bodies, but it can be controlled by varying both isola- 

tion and tuning. Moreover, the amount of insulat- 

ing material needed to silence unitized cars is no 
greater than that needed for body-to-frame cars. 


Front suspension 


Road noise, tire thump, and tire roughness are the 
principal noises influenced by front suspension de- 
sign, and ali three are interrelated to some extent 
with tire carcass resonance. Hence, the suspension 
should provide high attenuation of frequencies in 
the range of tire carcass resonance. These fall 
within the normal 25-250 cps range of road noise fre- 
quencies. 

In theory, isolation could be obtained by lowering 
the natural frequencies of the unsprung mass in all 
directions to well below the tire carcass resonant 
frequencies. But this is impractical because the 
flexibility in lateral translational and rotational 
modes would be intolerable for steering and han- 
dling. The answer is to isolate the lower control arm 
supporting member from the body structure, as 
shown in Fig. 1. This provides high lateral stiffness 
for good handling as well as adequate flexibility 
both vertically and longitudinally for good noise iso- 
lation. In addition, a two-stage filtering action is 
gained by interposing the cross-member mass be- 
tween the unsprung mass and the body structure. 

Experience with fully isolated suspensions in 
which springs, shock absorbers, and upper and lower 
control arms are contained in a single unit have 
shown the benefit in noise reduction to be more than 
offset by increase in weight, cost, and space require- 
ment. 

The front suspension coil spring seats against the 
upper wheelhouse structure with a thin rubber in- 
sulator at each spring end, as shown in Fig. 2. The 
gain from using spring seat insulators with as much 
as 3,-in. static deflection has not justified the added 
cost and complications. 


Rear suspension 


Noises contributed by road, tire, axle gear and 
bearing, driveline, and engine torque reaction must 
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in unitized-body 


all be considered in a rear suspension system design. 

We have found the torque tube drive rear suspen- 
sion with coil springs to be superior to other types in 
noise reduction. Rear wheel road noise, transmitted 
through a torque tube suspension, is negligible com- 
pared to that from the front wheels, primarily 
because of the isolation of the rear axle in fore-and- 
aft direction afforded by the engine mass on rela- 
tively soft mounts to the body (Fig. 3). Very little 
axle noise enters the body via engine mounts. 

Coil springs do tend to resonate in complex pat- 
terns in the frequency range of axle noise, but isola- 
tion beyond thin rubber pads to break metal-to- 
metal contact achieves little. The remaining 
mechanical noise path is through the transverse 
track bar, which can be tuned to some degree by 
changing its mass or stiffness. The driveshaft some- 
times resonates torsionally when excited by axle 
gear tooth contact, resulting in an axle noise period. 
Such periods can be tuned out of the operating speed 
range by using a driveshaft which is part solid, part 
tubular, having the desired torsional stiffness. 


Hotchkiss suspension 


The Hotchkiss suspension can produce very ac- 
ceptable results in a unitized car if it is carefully 
tuned. It is lighter and cheaper than the torque tube 


Fig. 2— Front suspension coil springs are insulated at both 
ends with a thin rubber ring. The insulated spring, as 
shown, seats against the upper wheelhouse structure. 


SAE JOURNAL 





through suspensions 


Ir. 


€ a rs “ VOUT EAE kd 


Fig. 1 — Isolating the lower control arm supporting member from the body is both effective and effi- 
cient front suspension design for reducing noise in a unitized body. 


ed 


Fig. 3— Rambler torque tube 
rear suspension with coil springs 
showing mounts to the body. 





suspension, but these advantages can easily be 
tossed away through elaborate isolation systems, 
complicated driveshafts, and inefficient spring de- 
sign resulting from efforts to reduce noise. 


Curing noise problems 


Illustrative of the complexities in tuning a sus- 
pension for a unitized body is an experience had 
when developing the Hotchkiss suspension for the 
Rambler American. The car had a “boom period” at 
25 mph caused by engine firing frequency exciting a 
body floor pan resonance. It defied a satisfactory 
solution through clutch damper tuning, engine 
mount stiffness, rear spring rate or damping, or 
modification of floor pan stiffness. The solution was 
to put a slot in the pan across the tunnel immedi- 
ately ahead of the cross-member to which the rear 
spring front eye brackets are attached. This slot, 
its length determined experimentally, allowed the 
rear portion of the pan to vibrate out of phase with 
the front portion, thereby cancelling the noise gen- 
erated. 

Axle gear noise is hard to isolate from the body 
with Hotchkiss suspension.. Tuning and/or damping 


Fig. 4— Tension rear spring shackle with flexible hanger used on 
the Rambler American contributes to reduction in axle noise. 


is more effective than isolation. It was found that 
spring resonance excited by axle noise can be 
damped effectively by using ordinary cardboard as 
interleaf friction material. Still better, and now in 
production use, is a plastic impregnated fiber board 
which is durable, weather resistant, and has fric- 
tional stability. 

Also effective in reducing axle noise is the use of a 
tension-type, rear spring shackle with experimen- 
tally determined flexibility in the spring steel 
shackle hangers (Fig. 4). The combination of ten- 
sion shackles, spring leaf damping, and selection of 
optimum spring eye bushing stiffness resulted in vir- 
tual elimination of axle noise periods, reduced road 
noise, and acceptable ride and handling. 
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Choice of MATERIALS 


High-Temp, 


William J. Anderson and Edmond E. Bisson 
ATERIALS compatibility is a major factor in 
the successful operation of high-temperature, 

dry, roller-element bearings. It is also important to 

get the right design and limit both loads and speeds. 

Very satisfactory results have been obtained with 
a bearing having balls and races made of M-10 tool 
steel and ball spacer buttons formed from graphit- 
ized carbon with an organometallic impregnant. 
This design and choice of materials is based on the 
principle that the cage should be constructed so that 
carbon is used at all the rubbing contacts without 
forcing it to carry all the cage loads because gra- 
phitic carbon compacts are generally low in mechan- 
ical strength, especially in tension. 

This bearing ran successfully in an air atmosphere 
of 1000 F at thrust loads up to 105 lb and speeds of 
2430 and 5024 rpm. Ball and race wear were nil 
after 3 hr of operation. The shape of the torque 
curves is shown in Fig. 1A. It indicates that the 
105-lb thrust load is probably close to the limit for 
this cage configuration. Fig. 2 shows there was some 
chipping of the ball spacer buttons and concave wear 
depressions of the button ends contacting the balls. 
Torque curves at 2430 and 3480 rpm and 1000 F fora 
similar bearing fitted with a two-piece machined 
cage of the same graphitic carbon is shown in Fig. 
1B. 


Results with other cage materials 


Test runs were also made with a cage material 
machined from a special iron-base alloy, which ex- 
hibits coefficients of friction of less than 0.1 in slid- 
ing against itself and against certain other alloys at 
1000 F. The torque data shown in Fig. 1B were ob- 
tained at lower speeds than those for the carbon- 
cage bearings, but the shape of the torque curve 
indicates better performance at higher loads. 

A dramatic illustration of the importance of ma- 
terial is afforded by a cage of this iron-base alloy in 
a bearing with races of Stellite 19 and balls of Stel- 
lite 3. Successful operation could not be had even at 
zero load. Fig. 3 shows the outside diameter (locat- 
ing surface) of a cage run against Stellite and a cage 
run against M-10. There is severe surface welding 
and material transfer after sliding against Stellite. 


Fatigue problem at high temperatures 


For use in roller-element bearings, tool steels must 
be clean, that is, free from inclusions or dirt stringers 
which can influence fatigue adversely. Some of the 
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is all important for success with 


Dry Bearings 


early fatigue data on bearings made from molyb- 
denum-base tool steels indicated a poorer fatigue 
life or, equivalently, a lower load-carrying capacity 
than that for SAE 52100 at room temperature. 
There is also data showing further reduction in 
fatigue life for air-melted heats of molybdenum- 
base tool steels at 450 F and at temperatures up to 
500 F. More recent available data show marked im- 
provements in fatigue life with improved melting 
techniques, such as induction and consumable-elec- 
trode vacuum melting. They also show fatigue life 
comparable to that of SAE 52100 at room tempera- 
ture to be obtainable at 450 F with clean, vacuum- 
melted heats of tool steels. 

Material hardness also affects fatigue life. Refer- 
ence can be made to room-temperature, fatigue data 
for three molybdenum tool steels and a new alloy, 
known as WB-49, developed by the Crucible Steel Co. 
which indicate that the higher the hardness the 
better the fatigue life. WB-49 shows promise for ap- 
plications up to 1000 F, where retention of hot hard- 
ness for periods up to 1000 hr is required. 


Ceramics offer possibilities 


Experiments with rolling-element bearings made 
from tungsten carbide have shown questionable suc- 
cess. And some success has been reported with ti- 
tanium carbide. Materials of this type may be suit- 
able for some applications. 

The NASA has conducted some experiments on the 
fatigue life of crystallized glass ceramic balls (Pyro- 
ceram 9608) in a five-ball fatigue tester. The load- 
carrying capacity was found to be approximately 
1/15 that of a group of AISI M-1 steel balls. Weibull 
plots resulting from fatigue tests at both room tem- 
perature and 700 F showed fatigue at 700 F to be 
about 14 that observed at room temperature. This 
may not indicate a thermal effect in the bearing 
material itself; thermal effects on the test lubricant 
(a highly refined mineral oil) over this temperature 
range could produce the difference in life. 

The rate of failure spall development in Pyroceram 
9608 was much slower than is normal for steel balls. 
The scatter between short- and long-lived specimens 
was also much lower for the ceramic than is normal 
for bearing steels. This result indicates that the 
degree of structural homogeneity may be an impor- 
tant factor in life scatter of bearing materials. The 
crystallized glass ceramic has a crystal structure 
much the same as bearing steels, but the crystals are 
extremely small and the structure is more homo- 
geneous. 
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Fig. | — Performance of 204-size, M-10 tool-steel ball bear- 
ings running dry at 1000 F with two types of self-lubricating, 
carbon cages. 
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Fig. 2— Disassembled M-10 tool-steel bearing with carbon button ball 
separators shows some chipping of the buttons and concave depressions 
at the button ends from contacting the balls. Ball and race wear was nil. 


Fig. 3 — Comparison of surface damage sustained at cage locat- 
ing surface by an iron-base alloy cage run against two different 
, aterials at 1000 F illustrates the importance of material selec- 
tion. (Left) after sliding against Stellite 19; (right) after 
- liding against M-10 tool steel. : 





Infrared pyrometer 


reads engine gas temperature 


N INFRARED PYROMETER, utilizing water 
vapor as the sensing medium and the null 
method of data recording, is capable of measuring 
gas temperatures under ideal conditions within +5 
deg R, and in an engine within +20 R. The gas 
temperature of a nonisothermal layer of gas can 
also be measured, but its meaning is subject to the 
nature of the boundaries. 

These are among conclusions drawn from using 
an infrared radiation pyrometer (developed at 
University of Wisconsin under CRC auspices) to 
measure gas temperatures in the three following 
different combustion-chamber configurations: 


@ A modified 7-hole CFR head used during the 
instrument development phase 


@ A specially pocketed combustion chamber con- 
structed by MIT in connection with their sonic- 
velocity technique (also developed under CRC 
auspices). 

@ A modified L-head combustion chamber used 
for comparison tests with an iodine-absorption 
pyrometer (also developed at University of Wis- 
consin under CRC auspices.) 


In these tests with the infrared pyrometer, fuel 
and airflow were metered by a flowmeter and criti- 
cal-flow orifices, respectively, and mixed in a 
steam-jacketed tank before entering the engine. 
Inlet pressure was controllable over a wide range 

. and exhaust pressure was held at one atmos- 
phere. Cooling water in the jacket was controllable 
in the range from 60 F to 210 F. 

To measure the compression gas temperature by 
the null method, the engine was instrumented as 
shown in Fig. 1. 


More conclusions 


Conclusions drawn from the extensive data taken 
by the infrared pyrometer to evaluate the instru- 
mentation and recording method also included the 
following: 


@ Reproducibility of the measured gas temperatures 
depends on the density of the water vapor in the 
measuring zone ... and on the overall sensitivity 
of the infrared pyrometer. Water vapor normally 
present in the intake and clearance gases of the 
engines are sufficient to give reproducible readings 
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within +20 deg R, using the null method of record- 
ing data. 

@ The infrared pyrometer, when measuring the ap- 
parent temperature of a volume of gas in an engine, 
measures a temperature weighted toward the peak 
temperature of the gas, whereas the sonic-velocity 
instrument measures a gas temperature weighted 
towards that of the mass. 

@ Comparative engine data, using first the iodine- 
absorption pyrometer and then the infrared pyrom- 
eter, show that gas temperatures measured by the 
former technique had a “humped” characteristic 
which was not evident in those measured by the in- 
frared pyrometer. Exhaustive tests of the iodine- 
absorption pyrometer did not resolve the differ- 
ences between the comparative gas temperatures. 
Thus, it was reasoned that the iodine molecules 
were not in apparent thermal equilibrium with the 
other gases in the combustion chamber. 


The infrared pyrometer 


The infrared pyrometer is the third instrument 
capable of measuring gas temperatures in an engine 
to come from the work of the Subcommittee on 
Fundamentals of Detonation of the Coordinating 
Research Council. 

Earlier, under CRC sponsorship, a sound-velocity 
method of measuring these temperatures had been 
developed at Massachusetts Institute of Technology; 
and an iodine-absorption pyrometer at University 
of Wisconsin. 

This infrared radiation pyrometer is made up of 
the components shown schematically in Fig. 2. Ra- 
diation from the hollow cavity of the source passes 
through the sapphire windows and through the 
gases in the engine chamber to a quartz lens which 
focuses the radiation on an infrared-sensitive de- 
tector. 

An interference filter placed between the lens and 
the detector restricts the radiation falling on the 
surface of the detector to a wave-length band from 
2.5 to 2.9 microns (10* cm). Since the transmitted 
wave-length band corresponds to emission-absorp- 
tion bands of water vapor and carbon dioxide, ra- 
diation from those gases is transmitted to the de- 
tector, along with a portion of the source radiation. 
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M. C. Burrows, National Aeronautics 
and Space Administration; S. Shimizu, 
Nagoya University, Japan; P. S. Myers 
and O. A. Uyehara, University of Wis- 

consin . .. reported recently on a third 

instrument capable of measuring gas 
To » 20 deg R temperatures in an engine to spring 

- from the sponsorship of CRC’s Sub- 
committee on the Fundamentals of 
Detonation. This article briefs some 
of their findings. 
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Fig. 1 — Block diagram showing instrument setup with infrared radiation pyrometer used 
to measure gas temperatures in engines. 
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Fig. 2—- Components of infrared radiation pyrometer used to measure gas temperatures in 
engines. 
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Practical uses expanding for 


High-Temperature Gas Carburizing 


Test case shows potentials. 


Economics involve temperature, 


case depth, heating-cooling time, and net-to-gross furnace load. 
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Surface 


RACTICAL POSSIBILITIES of high-temperature 

gas carburizing are currently being explored by 
a number of different investigators. Studies now 
being carried on by different experimenters are con- 
firming the belief that high-temperature gas car- 
burizing has two major practical potentials: 


1. An operating temperature of about 1800 F 
usually results in optimum efficiency from the 
production standpoint. 

A minimum total case depth of about 0.075 in. 
is required to show worth-while economic ad- 
vantages over 1700 F carburizing. 


These potentials are well illustrated by study of a 
reasonably average case in which were recognized 
and utilized the techniques which are so pertinent 
to good results when high-temperature carburizing 
is used 

In this fairly typical case, a heat-treatment speci- 
fication was presented which called for carburizing 
SAE 1022 steel gears at 1850 F. The specification 
included holding the surface carbon concentration 


Fig. 1— This case-depth carbon- 
concentration curve shows that sur- 
face carbon can be controlled dur- 
ing high-temperature carburizing. 


CARBON - PERCENT 





at 0.95+0.67% carbon and a total case depth of 
0.075 in. 

That the problem of surface carbon control can 
be kept well in hand during high-temperature car- 
burizing is illustrated by Fig. 1. This shows a case- 
depth carbon-concentration curve obtained from a 
test bar run through a furnace on a trayload of 
production test gears which were carburized to meet 
this specification. 

The type of carburized case represented by the 
curve is indicative of results obtained by using the 
“carburize-diffuse” technique. 

This is in keeping with the most acceptable 
method now used at 1700 F. The optimum depth 
relationships between hardenable case and total 
case must be maintained even though the ultimate 
maximum allowable carbon content of the case is 
well below the solubility limit. To do this, the fur- 
nace atmosphere must be held at a high carburiz- 
ing potential for a time, followed by control at a 
lower or diffusion potential to finally establish the 
specified surface carbon. 

This particular test program specified lowering 
the temperature to 1650 F and equalizing, followed 
by aircooling to room temperature. The final heat- 
treatment is induction hardening of the tooth areas. 


TIME - TEMPERATURE CYCLE 














CASE DEPTH - INCHES 
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This specified treatment permitted taking advan- 
tage of rapid rates of carburizing at 1850 F in the 
high carbon potential atmosphere, followed by dif- 
fusion in an atmosphere of lower carbon potential 
during cooling to, and equalizing at, 1650 F. The 
time-temperature cycle is shown in Fig. 2. For an 
interesting comparison, the broken-line curve in 
this figure shows the approximate time cycle re- 
quired to duplicate the results at a maximum tem- 
perature of 1700 F. 

The photomicrographs in Fig. 3 shows the case 
and core of the SAE 1022 steel following the car- 
burizing and cooling described above. The case and 
core of this material show mixed grain size with 
some duplexing. It was the opinion of processors 
of these gears that 3 hr carburizing at 1850 F exerted 
no unduly bad influence on the grain size of this 
material as compared with 1700 F carburizing. 

In subsequent production load tests, gears made 
of SAE 1024 and of a modified SAE 1024 were car- 
burized to the same specifications with similar re- 
sults. After hardening, all these gears successfully 
passed the physical and mechanical tests regularly 
applied after 1700 F carburizing and surface hard- 
ening. 


Perspective on tests 


The manufacturer who made these tests made 
them on a relatively small percentage of his total 
carburizing production. He had to carburize and 
test a variety of different steels, including SAE 4027, 
4620, 4815, 5120, and 8620. Case depths of this 
variety of steels run from about 0.045 in. to about 
0.100 in., read to original carbon ... and some of the 
carburized parts are aircooled and reheated. Others 
are direct quenched after lowering the tempera- 
ture of the work to 1550 F. These latter are of 
special interest from the standpoint of metallurgi- 
cal problems related to processing time at high 
temperature. 


Economics of high-temperature carburizing 


Growing out of the “average” case described and 
the experience of many other investigators, this 
manufacturer has concluded that the economics 
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Fig. 2— Broken-line curve in this 
time-temperature cycle shows the 
approximate cycle required to du- 
plicate the results at a maximum 
temperature of 1700 F. 


Fig. 3— Case and core of SAE 1022 steel following the described 
carburizing and cooling cycle. 


of the particular application should be determined 
early in the process. 

The items relating to ultimate decision — assum- 
ing that suitable heat-treatment equipment is 
available — include: 


@ Temperature for carburizing. 
@ Case depth. 

@ Heating and cooling time. 

@ Net-to-gross furnace load. 


Temperature and case depth will fix the time for 
carburizing . and this time will decrease as 
higher temperatures are used. Heating and cool- 
ing time will depend upon the geometry of the 
work and the character of the load. Also, it will 
change with the temperature of carburizing used. 

The net-to-gross furnace load will generally de- 
crease with increased temperatures . .. due to ad- 
ditional fixturing of the work and lighter loading 
because of natural decrease in strength of trays 
and fixtures. 
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Fig. 1—Curtiss- 
Wright rotating combus- 
tion engine is a compact 
unit, small in both bulk 
and weight. 


CW rotating combustion 


Roy T. Hurley 


EVELOPMENT of the CW single-rotor rotating 
combustion engine (Figs. 1-3) required the de- 
sign of suitable systems for: 


® Cooling. 
@ Ignition. 
@ Sealing. 

This has been accomplished in the design of a 
series of 60 cu in. displacement experimental en- 
gines, which have been run for hundreds of hours 
in performance and durability tests, with no major 
failures. (See Figs. 4-11.) 


Cooling 
Liquid cooling has been used for both the housing 


and the rotor. The former is water cooled and the 
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delivers 2 hp 


latter is cooled by lubricating oil pumped through 
the main shaft. 

Housings The rotating combustion engine, un- 
like a conventional reciprocating engine, always 
exposes the same stationary housing locations to 
the same portion of the cycle; the variation of heat 
input per unit of gas-exposed area along the tro- 
choid periphery is shown in Fig. 12. To match this 
distribution, the housing cooling was designed as 
a multipass forced-flow system, as schematically 
illustrated in Fig. 13. The cooling liquid flows 
back and forth through the rotor housing and be- 
tween the end housing walls. The rotor housing 
flow passages are parallel to the engine axis; the 
internal ribbing of the end housings redirects the 
flow, as shown in Fig. 14, where the trochoidal rotor 
housing is in position and the wear face of the end 
housing has been removed. 

The flow area and wetted perimeter, and thus the 
hydraulic diameter, vary from pass to pass, and are 
adjusted to match the combustion cycle heat input 
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engine 


per cu In. 


variation. For example, in hot regions of the engine, 
the flow velocity is high; the amount of heat trans- 
fer surface, accomplished by additional ribbing, is 
large; and the ratio of the total flow area to the 
total wetted perimeter per pass is small. This series 
forced-flow configuration permits balanced cooling 
with large, clog-free, easy to manufacture passages, 
and avoids vapor accumulation. Furthermore, the 
large passages permit a cooled wet-bolt application. 

This system minimizes temperature variations of 
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Material drawn from an 


SAE Metropolitan Section Paper 


Fig. 2— Components 
of engine. 


Fig. 3 — Cycle sequence of engine. 


the housings. Thermal distortions are further re- 
strained because of the type of structure employed: 
the outer walls of the housings run cold and main- 
tain the designed shapes while permitting uni- 
formly thin heat transfer walls. The locations of 
maximum heat input correspond to the locations of 
maximum stress, so that the addition of ribs, to 
improve heat transfer, serves to accommodate struc- 
tural needs as well. 

Rotor — The rotor is made from an aluminum 
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CW rotating combustion engine 
. continued 
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Fig. 4 — Cycle of single unit rotating combustion engine compared with 
that of a single-cylinder 4-stroke reciprocating engine. Chamber pres- 
sure versus crank angle is plotted for four revolutions of the crankshaft 
for each engine. Diagram shows that, during these revolutions, recipro- 
cating engine has two power sequences, whereas rotating combustion 
engine has four. Note also that each power sequence of rotating com- 
bustion engine covers wider crank angle than is the case with reciprocat- 
ing engine, ratio being 3/2. 

Intake and exhaust flow both have shorter dwell periods for rotating 
combustion engine, thus reducing intake and exhaust losses and provid- 
ing smoother operation, even for single power section. 
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Fig. 5 — Full-throttle performance of engine equipped 
with side port intake. This engine develops 100 hp at 
5500 rpm, which is equivalent to 1.67 hp per cu in. dis- 
placement. Output curve further shows that the port 
areas are not limiting factors. Torque curve is flat from 
about 2000 to 6000 rpm. At the lowest speeds, the torque 
drops somewhat, but this can be modified by other porting 
or by further development of the engine. In the initial 
development stages, attention has not been directed to- 
ward the low-speed torque end. However, test experience 
with porting configurations and satisfactory starting at 
very low speeds has indicated that improved performance 
in this regime can certainly be obtained if required for 
certain uses. Specific fuel consumption is also flat over a 
broad speed range, showing a minimum of 0.47 Ib/hp/hr. 
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Fig. 6 — Volumetric, mechanical, and indicated thermal 
efficiencies at full throttle for engine equipped with side 
intake port. Consistent with the torque characteristic, 
volumetric efficiency is high over a wide speed range and 
reaches, with a side port intake, values of 90% and more. 
The mechanical efficiency also reaches almost 90% at the 
lowest speeds, indicating that the mechanical friction of 
the engine is low. The mechanical efficiency drops at 
higher speeds but this is expected to be improved with fur- 
ther development. It should be noted that, at 100 hp, 
the mechanical efficiency still is approximately 809. The 
indicated thermal efficiency for best economy reaches 34% 
over a wide speed range. 
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Fig. 7 — Full-throttle performance of engine equipped 
with peripheral intake port. This port further reduces 
intake losses and results in correspondingly higher airflow 
and output. es delivers 124 hp at 6500 rpm—eq 

ent to , and again shows promise of eethes 
output | increase with “speed and some development. In 
the meantime, speeds up to 8000 rpm have been success- 
fully run. 
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Fig. 8 — Volumetric efficiency and airflow at full 
throttle for engine equipped with peripheral intake 
port show high-speed characteristic of this engine, 
with volumetric efficiencies exceeding 100% and a 
steadily increasing airflow with speed readings almost 
1100-Ib/hr at 6500 rpm. At present, the peripheral 
port engine is slightly inferior with regard to air uti- 
lization as compared to the side port engine, which 
fact is reflected in a somewhat higher specific fuel 
consumption. This peripheral port configuration pro- 
vides an excellent breathing capacity and it is be- 
lieved that the engine will exceed the side port per- OIL 
formance by a considerable margin. 


Fig. 9—Fuil-throttle performance for engines with 
small and large side intake ports. Note that engine speed 
characteristics can be considerably varied and adjusted to 
different applications by port area and timing. Whereas 
the “large port” designated engine shows a peak torque 
of 95 ft-lb at 6000 rpm, the “small port” engine delivered 
—consistent with the airflow characteristic—105 ft-lb at 
4000 rpm. 
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Fig. 11 — Endurance log — full throttle, rated rpm. Various engines 
were submitted to cyclic and full-throttle endurance runs. Note engine 
characteristics were very constant throughout whole test. Same con- 
sistence was achieved with cyclic endurance tests consisting of alternate 
periods of full throttle, full speed; part throttle, full speed; and reduced 
speed; and idle. 
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Fig. 10 — Power and fuel consumption shown as a 
function of fuel/air ratio for full throttle, constant 
speed (4000 rpm). Values of 0.061 fuel-air ratio for 
best economy and 0.073 for best power show good 
combustion characteristics in engine. 
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Fig. 12 — Polar plot of heat input per unit area. - 
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CW rotating combustion 


engine ... continued 
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Fig. 13 — Schematic of housing cooling system. 


Fig. 14 — Internal ribbing of 
end housing redirects flow of 
cooling liquid, as shown above. 
Trochoidal rotor housing is in 
position and wear face of end 
housing has been removed. 


forging, which offers the benefits of lightweight 
and high thermal conductivity, but requires ade- 
quate cooling. 

One of the most successful aluminum rotor de- 
signs is cooled by forced circulation of oil from the 
engine lubrication system. The cooling circuit is 
schematically illustrated in Fig. 15. Oil is supplied 
from the hollow shaft, through radial feed holes in 
the eccentric, and then to the rotor bearing central 
annulus. The oil then divides, one part to lubricate 
the bearing and the other to cool the rotor. 

Integral fins in each rotor lobe provide adequate 
cooling surface and a small hydraulic diameter. A 
recess at each end of these finned passes acts as a 
manifold for distribution of the oil. 

The oil from the rotor exit, after passing the 
bearing end annulus, is discharged from timed 
shaft eccentric passages directly into the housing 
drain annulus. 

The oil entering temperature, temperature rise, 
and period of contact with the metal are controlled 
to avoid coking or other lubricant deterioration. To 
date, we have had no evidence of adverse effects in 
this regard. While the oil flow of this design is con- 
tinuous, the velocity varies as a function of the sys- 
tem dynamics: shaft and rotor inertia pumping 
superpose a roughly sinusoidal pressure increment 
onto the oil supply pressure. The cooling oil is 
metered at the exit; in this way, the rotor cavities 
are maintained full. 

Whereas this aluminum rotor was designed and 
proved suitable for high-performance, high-speed 
operation, a nodular cast iron rotor has performed 
satisfactorily for less stringent conditions in this 
respect. This was achieved with a simpler cooling 
system and even with no internal oil cooling at all. 


Ignition 


Initial engine tests used automotive ignition sys- 
tems and spark plugs of a normal automotive heat 
range. With increase in power and speed, it was 
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found necessary to use a spark plug of very cold de- 
sign for plug durability, and some plug fouling was 
then encountered. An auxiliary air gap at the spark 
plug reduced the fouling somewhat, but the periods 
between plug changes due to fouling and gap ero- 
sion were still not acceptable. 

A Curtiss-Wright designed condensor discharge 
system, which produced a voltage rise rate four 
times that of an automotive system, reduced gap 
erosion and sensitivity to fouling deposits consider- 
ably. The plug change periods were increased four 
to ten times. With a still higher voltage rise rate, 
full power tests for 150 hr, cyclic endurance tests 
for 75 hr, and numerous general development tests 
with no cases of plug fouling and a very low gap 
erosion rate were accomplished. 

The basic system is outlined in Fig. 16. A tran- 
sistorized power supply charges the condensor. 
When the engine driven maker closes, the condensor 
discharges to ground, causing a surge of current 
through the coil primary. This surge generates a 
secondary voltage to fire the spark plug. 

The coil is small and is designed to provide an 
adequate firing voltage even when loaded with a 
fouled spark plug. 

The usual breaker system is modified to a maker 
and, at the same time, the dwell is much shorter to 
conserve d-c power. Due to the high voltage that 
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Fig. 15 — Rotor is coolel by forced circulation of oil from engine 
lubrication system. Oil is supplied from hollow shaft, through radial 
feed holes in eccentric, and then to rotor bearing central annulus. 
Oil then divides, one part to lubricate the bearing and the other to 
cool the rotor. 
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is being switched, the quality of the contact surfaces 
need not be high to generate a reliable spark. 

A standard distributor unit has been satisfactorily 
run for some 800 hr at 10,000 sparks per min. 
Timing drifted about 2 deg in the first 400 hr and 
about 1 deg in the last 400 hr. Point gap decreased 
about 4/1000 in. from the nominal 17 setting. Spark 
voltage was normal during this period and there was 
no tendency for the points to weld and stick. 

Fig. 17 shows the plug voltage required by a large, 
conventional V-8 engine versus the requirement of 
the 1RC6 type in terms of sparks per minute. The 
rotating combustion engine requires a lower voltage 
over the operating speed range. 


Sealing 


The sealing system was originally copied from the 
small NSU-Wankel experimental engines. Although 
the bigger engine gave advantages in some respects, 
many of the sealing components were not durable 
enough and a more rugged system was worked out 
and incorporated in the rotor. This seal arrange- 
ment proved not only more durable but it was also 
tighter and very gratifying results were obtained 
with it. 
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Fig. 16 — Condensor discharge ignition system. 
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Fig. 17 — Plug voltage required by rotating combustion engine and 
also by large, conventional V-8 engine, in terms of sparks per minute. 
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Aircraft and missile alloys 


> Metal-removal study indicates advantages 


b 


Michael Field 


-iates Inc 


eo 


IRCRAFT and missile alloys are difficult and 

costly to machine. Many approach the hard- 
ness of conventional cutting tools, so that new 
machining techniques have to be used. This article 
reviews the relative machining properties of the air- 
craft and missile alloys and points out the limita- 
tions in machining. 

The aircraft and missile alloys have been divided 
into eight groups, Tables 1, 2, and 3. The alloys 
within each group have similar machining proper- 
ties which have been recently investigated.’ 


Applications and limitations of machining operations 


In aircraft manufacturing, milling is probably the 
most widely used operation, followed in importance 


100 


80 


Fig. 1 — Face milling high-strength 
thermal-resistant alloys. Tool ma- 
terial: carbide; cutter: 4 in. diam- 
eter single tooth face mill; depth 
of cut: 0.10 in.; width of cut: 2 
in.; wearland: 0.015 in.; cutting 
fluid: none 


60 


- inches work travel 


Tool Life 


HSS Cutters 
° 


AA 


Vos 


HS-25 


ST - 200 BHN 


by drilling and tapping. In missile manufacturing 
the major operation is turning, followed in import- 
ance by drilling, milling, tapping, and grinding. 


Milling 

The replacement of aluminum with steel for spar 
and wing sections illustrates the magnitude of the 
milling problem that has been created. For ex- 
ample, in side milling wing spars, a typical side mill 
cut might be taken with a 6 in. carbide cutter, Table 
4. In milling an aluminum spar, the feed rate would 
be 150 in. per min. while in milling 4340 steel, 52 R., 
the feed rate would have to be dropped to 4 in. per 
min. In milling the aluminum spar, the cutter 
would be changed after 3000 linear feet travel of the 
cutter. In milling the 4340 steel at 52 R., the cutter 
would have to be changed after only 30 ft of travel. 

The tool life versus cutting speed characteristics 
in face milling of the thermal-resistant alloys are 
shown in Fig. 1. The feed rate and the production 
rate is proportional to the cutting speed and, hence, 


6Al1-4V Ti 
Ann. -33 Re 





Udimet 500 
STA - 39 Re. 
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getting tougher to machine 


and limitations of high-strength thermal resistant alloys. 


Table 1 — Aircraft and Missile Alloys 


Typical Alloys 


SAE 4340, SAE 4130, 
17-22-AS (14 MV), 14 CMV 
SAE H-11, Halcomb 218, 
Peerless 56, Tricent, 
UHS 260, Unimach 2 


Alloy Group 
1. Martensitic Low-Alloy Steels 


2. Hot-Work Die Steels 


3. Austenitic Stainless Steels A-286, N-155, SAE 30302 
19-9 DL 

4. Martensitic Stainless Steels SAE 51410, AISI 422 

5. Precipitation-Hardening Stainless AM-350, 17-7 PH 
Steels 

6. Nickel-Base High-Temperature Inconel 700, Inconel 901, 
Alloys R-235, Udimet 500 

7. Cobalt-Base High-Temperature 
Alloy HS-25 


8. Titanium Alloy 6A1-4V-Titanium 





Table 2 — Chemical Composition of Alloys Used in Tests 


Nominal Composition, % 
C Mn Si_ Ni Cr Mo V Co Ti Fe W 


SAE 4340 40 .70 .30 180 80 .25 Bal 

SAE H-11 40 30 .90 5.00 1.30 .45 Bal 
Tricent (300M) .43 .80 1.60 1.80 80 .40 .05 Bal 

SAE 51410 15 12.3 Bal 

AM 350 10 42 170 28 Bal 
A-286 .08 25.0 148 1.3 .30 1.9 

HS-25 .10 10.6 20.0 50.0 1.5 15.0 
Udimet 500 .10 52.5 16.0 4.0 19.0 3.0 2.0 

Ti 6A1-4V Al6%; V 4%; Ti90% 


1 Machining Characteristics of High-Strength Thermal- 
Resistant Materials — Phase II, Interim Engineering Re- 
port No. 6. Air Materiel Command, Contract No. AF 
33 (600)-—3597. 

2 The Machining of Ultra-Strength Alloys, J. Maranchik, 
Jr., J. V. Gould, and P. R. Arzt. SAE Journal, May, June, 
July, August, 1959. 
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Table 3 — Heat Treatment of Alloys Used in Tests 


SAE 4340, quenched and 
tempered 38 R. 

SAE 4340, quenched and 
tempered 52 R. 

SAE H-11, quenched and 
tempered 52 R. 

Tricent (300M), quenched 
and tempered 50. 


SAE 51410, quenched and 
tempered 45 R. 


AM 350, solution treated 
and aged 47 R 


A-286, solution treated and 
aged 34 R. 


HS-25, solution treated 
200 Bhn 

Udimet 500, solution treated 
and aged 39 R. 


Titanium 6A1-4V, 
annealed 33 R. 


Heat Treatment 


1475 F-1 hr, water quench 
temper: 1000 F-1 hr, air cool 
1475 F-1 hr, water quench 
temper: 450 F-1 hr, air cool 
1850 F-2 hr, air cool 
double temper: 1075 F-2 hr, air cool 
1700 F-1 hr, cool to 1600 F-'4 hr, 
air cool to 1000 F, quench in salt at 
400 F, air cool 
double temper: 1000 F-2 hr, air cool 
1850 F-1 hr, water quench 
temper: 300 F-2 hr, air cool 
1750 F-1 hr, water quench 
subzero cool at 100 F-3 hr 
temper: 850 F-3 hr, water quench 
solution treat at 1650 F-1 hr, 
water quench 
age at 1325 F-16 hr, air cool 
solution treat at 2250 F-1 hr, 
rapid air cool 
solution treat at 1975 F-4 hr, air cool 
age at 1550 F-24 hr, air cool 
age at 1400 F-16 hr, air cool 
anneal at 1300 F-2 hr, air cool 


Table 4 — Comparison-Spar Milling of Aluminum 
versus 4340 Steel 


Side Milling: Cut 2 in. wide, 0.10 in. deep 
Carbide Cutter: 6 in. diameter, 6 teeth 


Cutting Speed, Feed Rate, =, 00! Life, 

fpm in. per min of Cutting, ft 
Aluminum 5000 150 3000 
4340 Steel, 38 R 400 15 45 
4340 Steel, 52 R- 150 4 30 








Aircraft and missile alloys . . . continued 


- feet/minute 


Fig. 2— Cutting speed versus workpiece hardness 
for face milling SAE H-11. Cutter: 4 in. diameter 
face mill with carbide tipped teeth; feed per tooth: 
0.005 in.; depth of cut: 0.10 in.; width of cut: 0.10 
in.; width of cut: 2 in.; tool life: 50 in. per tooth 
(approximate) . 


Cutting Speed 


45 50 


Workpiece Hardness - R 


Fig. 3 — Turning high-strength 
thermal-resistant alloys. Tool 
material: carbide; depth of cut: 
0.10 in.; feed: 0.009 in. per 
rev; wearland: 0.015 in.; cut- 
ting fluid: none. 


250 


Cutting Speed - feet/minute 


Udimet 500, STA-39 Re 
Feed 001 in. /rev 
4340, Q& T-52 Re 
Feed 001 in. /rev 
AM 350, STA-47 R, 
Feed 002 in. /rev 
SAE SlklU, Q&T-45R, 
Feed 005 in. /rev 
4340, Q& T-50 Re 
Feed 001 in. /rev 
ween reas $2 
Fig. 4— Drilling high-strength Oe er — 
thermal-resistant alloys, high- 6A1-4V Ti, Ann. - 33 Re 
speed steel drills. Drill mate- Feed: .005 in. /rev 
rial: T-15 HSS, diameter 0.25 SAE Hell. QUT-50 Re 
in.; depth of hole: 0.50 in. Feed; .001 in. /rev 
through hole; cutting fluid: 
highly sulfurized oil diluted 1:1 
with light machine oil. 


Drill Life’- number of holes 


Cutting Speed - feet/minute 
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alloys which can be machined at high speeds can be 
machined at high production rates. The relative 
cutting speed to obtain a constant cutter life of 40 : on: : 
in. work travel is indicated in Table 5. The HS-25 Table 5 — Relative Face Milling Properties of Alloys 
and the Udimet 500 alloys could not be face milled (Dete Taken from Fig. 2) 
with carbide cutters with any appreciable cutter Cutting 
life. Cutter Material Speed for 
The trend in the airframe and missile industry is 40 in. Linear 
to use harder and harder steels. The effect of hard- Cutter Travel 
ness on cutting speed in carbide face milling is 4340 Q & T’-38R. Carbide 600 
shown in Fig. 2. The cutting speed had to be 4349°9%,5)'39)" — = 
dropped to 60 fpm to mill SAE H-11 at 58 R, and AM-350 STA?-47 R. Carbide 185 
obtain a cutter life of 50 in. per tooth. H-11Q & T-52 R- Carbide 170 
eS cr ‘ 
. I- -4V- e 
Turning HS-25 Sol.-200 Bhn High-Speed Steel 40 
The tool life versus cutting speed curves for car- U-500 STA-39 R- High-Speed Steel 25 
bide turning of the high-strength thermal-resistant 1Q & T—Quenched and Tempered. 
alloys is shown in Fig. 3. The cutting speed for 30 * STA — Solution Treated and Aged. 
min. tool life of the alloys is listed in Table 6. Note * Sol. — Solution Treated. 
that the relative order of machinability in turning 
is not the same as in milling for some of the alloys 
(compare Tables 5 and 6). 


Drilling Table 6 — Relative Turning Properties of Alloys 
The high-speed-steel-drilling characteristics of (Data Taken from Fig. 3) 

the aircraft and missile alloys are shown in Fig. 4. 

The data is for a 14 in. diameter drilled hole, 1% in. — a 

deep. The data is given for a feed which gave opti- Tool Life 

mum drill life. Drilling the high-temperature alloys 

and the hard steels with high-speed-steel drills is 

very critical and requires careful selection of drill 

conditions to get adequate drill life. As the hard- 

ness of the steel work material increases to the 52- H-11 06 T5 R 

54 R. level, the drill life drops off to virtually zero A-286 STA-34 R. 

(Fig.5). (The same critical relationship of tool life HS-25 Sol.-200 Bhn 

to work hardness holds in end milling 4340 steel in U-500 Sta-38 R. 

the vicinity of 50-54 R..) 
The type of high-speed steel is a vital factor in 

drilling hard steel (Fig. 6). The high-cobalt high- 


Cold-Point HSS 


-% 


Drill Geometry: Point Angle 118° 118° 
Clearance 32° ‘a 
30° neg. rake Helix 29° 
C-2 Carbide 


Drill Dia. : 19/32" 19/32" 


Cutting Speed: 147 ft./min. 50 ft./min. 


- number of holes 


Feed o2"/ — 
002"/rev 002'/ rev. 


Relative Tool Life 


Depth of Hole 500" thru 500" thru 


Cutting Fluid Sol. Oil, 175 psig Sol. Oil 


Drill Life 


008" wearland 015" wear- 
land 


40 45 
Cold-Point T-15 M-33 M-36 
Workpiece Hardness - Re 


; : ; Type of Drill & High S d Steel 
Fig. 5 — Effect of workpiece hardness on tool life for end mill- at eae 


*ing and drilling SAE 4340 with high-speed-steel end mills and Fig. 6 — Drilling Tricent quenched and tempered to 50 R- using cold- 
drills. point and high-speed-steel drills — effect at different cutting speeds. 
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speed steel drills, such as T-15, M-33, and M-36 gave 
considerably greater drill life than the M-1 high- 
speed steels. 

A significant improvement in drill life and pene- 
tration rates on the hard steels can be obtained by 
using the carbide-tipped cold-point drills. In this 
drill a cutting fluid, under pressure, is pumped 
through the drill body and emerges at the drill lips. 
The fluid serves the purpose of cooling the drill and 
also washes the chips away. In drilling M-300 steel 
(Tricent) at 50 R. the use of a cold-point drill in- 
creased drill life over eight times (Fig. 6). 

The cold-point drill has also been used to drill 
M-300 steel at 55-57 R, hardness. The cold-point 
drill requires a low feed. Thus, in drilling the 55-57 
R,, steel, Fig. 7, the drill life increased from 40 holes 


Cutting Fluid: Soluble Oil (2 at 0.002 in. per rev, to 68 holes at 0.001 in. per rev. 
Depth of Hole 75 throug 


End Point 008" wearland 








50 Tapping 

The high-speed-steel tapping characteristics for 
the alloys are shown in Fig. 8. The data are given 
for the optimum tap type. Thus, on A-286 a 2-flute 
spiral-point tap was used, while titanium tapped 
best with a 3-flute spiral-point tap. The percent of 
thread has a strong influence on tap life, Fig. 9. 
The tap life can be increased about 10 times by 
changing from a 75% to a 60% thread. 


*Carbide chipped 


- number of holes 


4c 







40 


Drill Life 


Grinding 

In grinding the alloys, there are two factors that 
require consideration. First, it is desirable to have 
a high G ratio, which is the ratio of volume of metal 
removed to volume of wheel wear. Second, it is im- 
portant that the alloys be ground with a minimum 
of distortion. 

The G ratio is affected mainly by wheel speed and 
grinding fluid. In general, the higher wheel speeds 
result in higher G ratios (Fig. 10). The grinding 
fluid has an even greater influence on G ratio (Figs. 
11-16). The highly sulfurizied oil greatly increases 
the G ratio in grinding these alloys. On each alloy 
the grinding wheel grade was selected to give opti- 
mum wheel life. 

Most aircraft and missile components are de- 


Feed ate - inch/ rev 


Fig. 7 — Drilling Tricent quenched and tempered to 55-57 R- using 


cold-point drills — effect of feed. 
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Tap: 5/16"-18 NC 4 Flute Taper 
Tap Material: M-10 HSS = 
Cutting Speed: 5 feet/minute 
Depth of Hole 500" through hole 
Cutting Fluid: See below 


100 End Point: Tap Breakage 


50 Re. using Highly Chlorinated 
Be Oil Diluted 3:1 With Inhibited 
Trichloroethane 
7 52 Re, using Inhibited 


Trichloroethane 


Tap Life - number of holes 


50 


Percent Thread 


Fig. 9— Tapping 4340 steel quenched and tempered to 50-52 R. — 
effect of percent thread. 
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Wheel Grade: 32A46H8VBE 
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Table Speed 





Cross Feed 





wn Feed 
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KNO2 Chemical Soluble Highly Sulphur - 
(3-1/2%) Emulsion Oi) ized Oil + Light 
(4011) (10:1) Machine Oil (1:1) 


Grinding Fluid 


Fig 11 — Grinding SAE 51410 stainless steel quenched and tem- 
pered to 45 R. —G ratio versus grinding fluid. 
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001 in. /pass 


Wheel Grade: 32A46H8VBE Down Feed: 
.050 in. /pass 


Table Speed: 40 feet/minute Cross Feed: 
Grinding Fluid: Chemical Emulsion (40:1) 
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AM 350, STA- 47 Rc 
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Fig. 10-— Surface grinding thermal-resistant alloys —G ratio versus 
wheel speed. 


32A46LB8VBE 

100 Wheel Speed: 6000 feet/ minute 
Table Speed: 40 feet/minute 
Cross Feed 050 in. /pass 
Down Feed 001 in. /pass 
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Chemical Soluble Highly Highly 
Emulsion Oil Chlorinated Sulphurized 
(40:1) (10:1) Oil Oil 


Grinding Fluid 


Fig. 12 — Grinding HS-25 solution-treated to 200 Bhn —G ratio versus 
grinding fluid. 
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. continued 


signed with thin sections for weight reduction. In 
grinding these sections it is imperative that the 
distortion be minimized. The distortion is caused 
by introduction of residual stress during the grind- 
ing process. To minimize this residual stress and, Down Feed: .002 in. /pass 
hence, the distortion, the following grinding con- 
ditions should be employed: 


Wheel Grade: 32A46H8VBE 
Wheel Speed: 6000 feet/minute 
Table Speed: 20 feet/minute 
Cross Feed 025 in. /pass 


G Ratio 


1. Soft grinding wheel 

2. Low grinding wheel speed 

3. Highly sulfurized grinding oil 

4. Light downfeed during the last 0.010 in. of 
stock removal (such as the Low Stress Down Feeds 
shown in Fig. 18. 


The importance of wheel grade, wheel speed, and 
grinding fluid is shown in Fig. 17. The distortion in 
grinding a test strip of 4340 steel is seen to increase 
as the wheel speed increases and as the wheel hard- 





ness increases. (N is a hard grade, while H is a aeons eee, a plone 
soft grade wheel.) This marked effect of down (40:1) (10:1) Machine Oil (1:1) 
feed on distortion is shown in Fig. 18. The mini- Seeeinin Cuane 
vrindin luid - 


mum distortion is obtained by using the light down 
feed described as a Low Stress Down Feed. 


To Order Paper No. 160A... 


from which material for this article was drawn, see p. 6. 


Fig. 13 — Grinding AM 350 solution-treated and aged to 47 R.—G 
ratio versus grinding fluid. 





Wheel Grade: 32A46H8VBE 
Wheel Speed: 6000 feet/minute 
Table Speed: 20 feet/minute 
Cross Feed 025 in. /pass 
Down Feed: .001 in. /pass 


G Ratio 


ine O 


Machi 


s 
*% 
& 
o 


Undiluted 


oe 
= 
© 





Fig. 15 — Grinding Udimet 500 solution-treated and aged to 39 R. —G 
ratio versus grinding fluid. 





KNO2 Chemical Soluble Highly Sulphur- 
(3-1/2%) Emulsion Oil ized Oil + Light 
(40:1) (10:1) Machine Oil (1:1) 


Grinding Fluid 


Fig. 14—Grinding A-286 solution-treated and aged to 34 R.—G 
ratio versus grinding fluid. 
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Wheel Grade: 32A46J8VBE 
Wheel Speed: 6000 feet/ minute 
Table Speed: 40 feet/minute 
Cross Feed 050" /pass 








Down Feed /pass 





G Ratio 
o 


Fig. 16 — Grinding Inconel 700 solution-treated and 
aged to 31 R. —G ratio versus grinding fluid. 


Down Feed: .002 in. /pass 
Cross Feed: .040 in. /pass 
Table Speed: 60 feet/minute 
Depth of Cut: .010" 
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‘ H 32 A46HBVBE 
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N: 32 A46N5VBE 
Sol. O.: Soluble Oil (40:1) 
060 s.0.: Highly Salphurized Oil 
; . C.£.:3 Chemical Emulsion (40:1) 
Fig. 17 — Change in deflection versus wheel speed <«< 
. for surface grinding 4340 steel quenched and tem- * IN Sol.O. 
pered to 52 R. — effect of wheel grade and grinding + 
fluid. f  .050 t i 
a 
O 
in 
“ 
& 
.040 ; 
5 
Wheel Grade: 32A46K8VBE Se 
Grinding Fluid: Soluble Oi) (40:1) as 
Wheel Speed: 6000 feet/minute 2? 
Table Speed: 60 feet/ minute a E 3 j 
Cross Feed: .040 in./pass - oan . 
Depth of Cut: .010" a IN S.O 
Specimen Size: .070" x 3/4" x 4-1/4" Z » @K C.E. 
Down Feeds ° @K Sol.O0. 
a nc aan . 020 | | 
A 002"/pass to size E: .001"'/pass to size ; 
B 002"'/pass to size 3 cpashout pecsse s 
" cs 
oan 2 sparkout passes F: or last .00O1" z a H Sol.0. 
Cc 002" /pass to last .002"' 2 ‘ : a 010 | | @xK s.0. 
€ 001",.0005", .0005"/pass qpetune passes > » H S.O 
e 2 sparkout passes G: Low Stress (L.S.) A 
cS 
001'/pass to last .002" 
4 D: .001"/ F > 5 
_ a a 0005", .0005", .0004", bs e 
. 0003", .0002", .0001'/pass 
v No sparkout 2000 4000 6000 
w 
a Whee! Speed - feet/minute 
= 020 - 
§ 
3e 
v2 
$a 
G¢ 
e .015 - 
& 
a 
c 
a 
oO 
« .010 ~ Fig. 18 — Change in deflection versus down feed for 
3 surface grinding 4340 steel quenched and tempered 
he 
i to 52 Re. 
* 
F a 
.005 


Down Feed 


JUNE, 1960 93 





Little Deterioration Found in 


Scaled-Up Fuel Storage Program 


HE Navy-CRC barge 
gram to... 


storage pro- 


e Determine the scale-up factor in 
going from bottle or drum storage to 
storage in bulk (as in tanks or vessels) 


e Obtain correlation between actual 
storage results and the predicted stabil- 
ity, using a number of available predic- 
tive tests ... has revealed the following 
which is reported in CRC 341, “Navy- 
CRC Barge Storage Program.” 


(1) Seale-up in sample size appears 
to have little effect upon the degree of 
deterioration in storage. (The low 
values for insoluble gum in the fuels 
stored in barge tanks are believed to 
have resulted from difficulties in ob- 
taining representative samples rather 
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continued from p. 6 


man heat transfer in automobile are 
conditioned air temperature, velocity, 
volume, humidity and distribution; de- 
sign factors that influence heating, 
ventilating and air conditioning such 
as use of light color or reflective type 
paint, tinted and/or shaded glass, 
breathable type seat covers, etc. 


Progress of Automotive Heating 
Through Years, H. V. JOYCE. Paper 
No. 146B. Review of car heaters and 
comfort devices used; reference made 
to heater, installed on 1933 Ford V-8, 
and fresh air hot water heater for 1949 
Ford line; 30,000 Btu Stewart-Warner 
gasoline burning type fresh air heater 
on 1956 Chrysler line; factors to con- 
sider in engineering of heating system; 
air distribution, temperature control, 
air blending system, defrosting, con- 
trols and quick warm up devices; three 
approaches to heating and defrosting 
aS illustrated by 1960 models of Valiant, 
Corvair, and Falcon. 


Controlling Automotive Air Condi- 
tioner for Comfort, J. T. KREASKY. 
Paper No. 146C. Functions of vapor 
compression type automotive air condi- 
tioner using R-12 refrigerant and com- 
ponents; determining discharge air 
temperature required; evaporator tem- 
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than the fuels having appreciable lower 
contents of insoluble gum.) 

(2) Correlation is evidenced between 
mildly accelerated storage (110 F) and 
ambient temperature storage tests. 

(3) No correlation was found be- 
tween the observed and predicted sta- 
bilities with any of the predictive tech- 
niques tested. This was shown with 
the nonadditive fuels and with the 
additive blends. 

(4) Reproducibility of tests in use for 
either appraising the stability of fuels, 
or estimating the degree of deteriora- 
tion, is poor. 

Seven fuels were used in the bulk 
storage program to make six blends of 
straight-run and catalytically cracked, 
two straight-run fuels, and four blends 


perature control and control devices; 
method used by Chrysler Corp., known 
as reheat system which involves add- 
ing heat to evaporator discharge air 
by means of liquid-to-air heat ex- 
changer downstream of evaporator, us- 
ing engine coolant as heat source; com- 
parisons between reheat and evapora- 
tor temperature control systems. 


Early Wind Tunnel Testing at Ford, 
A. H. ESPER. Paper No. 148A. De- 
scription of first model tunnel, built in 
1929 to develop Ford Tri-Motor Air- 
plane; use of tunnel for testing car 
models and for aircraft work; examples 
and illustrations of streamlining con- 
cept as applied to automobile body de- 
sign. 


Several Possible Paths to Improved 
Part-Load Economy of Spark-Ignition 
Engines, A. E. CLEVELAND, IL. N. 
BISHOP. Paper No. 150A. It is shown 
that due to many losses in conversion 
of heat mechanical energy gallon of 
fuel provides less than 1% of its me- 
chanical equivalent of useable energy 
at flywheel; losses are described and 
their magnitude at one speed and road 
load corresponding to speed and road 
load of compact car operating at 40 mi 
per hr appraised; areas where improve- 
ments in efficiency may be obtained 
indicated. 


New Tool for Combustion Research 
— Quartz Piston Engine, F. W. BOW- 
DITCH. Paper No. 150B. Design fea- 
tures of single-cyl, overhead valve en- 
gine equipped with quartz topped 
piston, used by General Motors Re- 
search Laboratories, Warren Mich.; 
engine permits unobstructed view of 
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containing additives. Fourteen labora- 
tories participated in the program of 
testing the fuels, and each laboratory 
determined the soluble gum, insoluble 
gum, and percent light transmission on 
the interim samples and on the final 
samples. Comparison of the values for 
these three tests showed quite poor re- 
producibility between the participating 
laboratories. This was apparent at 
each sampling, and particularly at the 
18-month period. 

To assist in evaluating this point, 
each of the laboratories was requested 
to make five separate determinations 
on two of the fuels at the end of the 
24-month period to permit a statistical 
appraisal of the repeatability and re- 
producibility of soluble gum, insoluble 
gum, and percent light transmission. 

CRC Report 341 contains 67 pages 
including tables and charts. 


>» To Order CRC Report 341 . . . 


processes occurring in combustion 
chambers of compression ratios up to 
10.7:1; high speed photographs illus- 
trating some of normal and abnormal 
combustion studies possible 


Automatic Highway and Driver Aid 
Developments, H. M. MORRISON, A. F. 
WELCH, E. A. HANYSZ. Paper No. 
151A. Details of operation of highway 
model, built by Research Laboratories, 
General Motors Corp. which comprises 
Auto-Control, applicable to limited ac- 
cess highways and embodied in 1/40 
scale model; Electro Lane is path error 
detector and Hy-Com is 1-f induction 
radio communications system; each of 
latter provides aid to drivers and with 
further development might be applica- 
ble for use in future; details of func- 
tions and operation of each system. 


Development of Smiths Automatic 
Transmission for Rootes Group Range 
of Light Cars, C. S. STEADMAN. Pa- 
per No. 152A. Eaton Manufacturing 
Co., Cleveland, Ohio, developed mag- 
netic powder coupling considered by 
Smiths Motor Accessories Ltd., to pos- 
sess characteristics possibly adaptable 
to European sized passenger cars; basic 
principles of magnetic powder cou- 
pling; development of basic design and 
fully automatic transmission; labora- 
tory test facilities; road testing and 
proving of production version; control 
system components and circuit. 


Engineering Highlights of 25 Com- 
pact Cars, J. R. BOND. Paper No. 
152B. Compact car considered as one 
with wheelbase between 100 and 110 
in.; data for compact cars are pre- 
sented with idea of noting areas of 
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Progress on B-70 Hydraulic 
System Design & Hardware 


BENJAMIN G. PETERSON 


HE weapon system concept has been 

successfully demonstrated in the 
B-70 program. There are some meas- 
ureable deyelopment and hardware ac- 
complishments realized to date. 

For example, the hydraulic system 
provides power for the air vehicle at 
a pressure of 4000 psi with a maximum 
fluid temperature of 450 F...a 30% 
increase in pressure and 20% increase 
in fluid temperature over the design 
characteristics of the B-58. 

Hydraulic components are receiving 
considerable attention. It was neces- 


agreement or diversified opinion: in- 
cluded are representative compact ver- 
sions from each major importing coun- 
try, French Peugeot, Italian Fiat, Brit- 
ish Jaguar and German Mercedes; all 
cars discussed have 6-cyl engines, with 
exception of 4-cyl Peugeot; analysis 
refers to package, frames, suspensions, 
steering, engines and transmission. 


New Techniques for Full Scale Test- 
ing, J. F. WHITE. Part of SP-180. 
Ford Motor Wind Tunnel designed to 
perform internal aerodynamic tests in 
controlled atmosphere and also appro- 
priate for external aerodynamics; gen- 
eral arrangement of tunnel and most 
important features; use of portable 
aerodynamic force measuring scales of 
novel design which permit use of tun- 
nel for full scale aerodynamic testing 
of passenger cars; preliminary tests, 
and some of applications of full scale 
testing. 


Automobile Aerodynamics, K. B. 
KELLY, P. KYROPOULOS, W. F. 
TANNER. Part of SP-180. Progress 
report by General Motors Corp. on 
wind tunnel model testing; general ob- 
jectives of model studies of automobile 
aerodynamics, general similarity laws 
and validity of aerodynamic model; 
model parameters are examined and 
limits established ‘(model mounting, 
internal flow, full scale correlation, 
pressure distribution); model testing 
technique used; interpretation of data. 


MATERIALS 
Structural Adhesives in Automobiles, 


A. F. THOMSON, A. F. MARTIN. Pa- 
per No. 145A. Emphasis is on two poly- 
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sary to develop metallic seals in lieu 
of elastomer seals in order to with- 
stand the increase in pressure (3000 to 
4000 psi) and also the increase in op- 
erating temperature (265 to 450 F). 
Leakage and friction are the major 
problems. Sufficient metal-to-metal 
contact must be attained in order to 
prevent leakage and yet be friction- 
free to the extent that it will not have 


an adverse effect on operation. Suc- 
cessful material compatibility tests 
have been conducted; however, suf- 


ficient repeatability hasn’t been at- 
tained to fully substantiate air-worthy 
components. 

In hydraulic valve and cylinder fab- 
rication, operation involved metal-to- 
metal contact where the life of the 
assembly was limited to a mere 10 
cycles. Research led to a molybdenum 
spray bond coating where operation 
was extended to 50,000 cycles while 
undergoing side loads typical of hy- 
draulic cylinder and valve applications 
of flight control mechanizations. 


mers, namely, epoxy systems and ni- 
trile-phenolic combinations; load and 
corresponding elongation readings were 
taken from linear portion of stress- 
strain curve and calculations made for 
secant modulus according to given for- 
mula; tensile shear strengths of typical 
adhesive bonds over wide temperature 
range are shown; details of tensile 
shear or overlap shear test; bend 
strength test, vibrational fatigue test. 
beam shear, and peel tests; sequence of 
operations most effective in obtaining 
maximum performance. 


Decorative Plated Coatings of Im- 
proved Durability, D. M. BIGGE. Pa- 
per No. 147A. Semi-bright nickel proc- 
ess is employed since Oct. 1945 for plat- 
ing of automobile bumpers, replacing 
Watts nickel process because first has 
better leveling properties and is easier 
to buff; possibility of reducing labor 
costs by depositing bright nickel over 
semi-bright nickel layer is investigated; 
1 yr’s atmospheric exposure at Miami, 
Fla., Detroit, Mich., and Pittsburgh, 
Pa., showed that use of buffed Watts 
nickel or semi-bright plus bright 
nickel gave superior performance. 


Case Hardenability of SAE 4028, 
8620, 2620 and 4815 Steels, J. A. HAL- 
GREN, E. A. SOLECKI. Paper No. 
149A. End quench case hardenability 
investigations sponsored by Div. Gear 
Metallurgy of ISTC of SAE, cover high 
and low chemistry heats of these steels; 
hardenability is determined at carbon 
levels of 1.10% to 0.30% at 0.10% in- 
crements with Rockwell A. Superficial 
Rockwell 15N and Vickers 10 kg hard- 
ness procedures; results in form of iso- 
hardness diagrams show relationship 


Case Hardenability 
Of SAE Steels Reported 


based on paper Dy 


J. A. HALGREN and 
E. A. SOLECKI 


ernational Harvester Co. 


HE case hardenabilities of SAE 

4028H, 8620H, 4620H, and 4815H 
steels appear to be related directly to 
the core hardenabilities of these 
grades, adjusted to a common carbon 
level. And the case hardenability rat- 
ing of these grades in ascending order 
is 4000, 4600, 8600, and 4800. 

These facts were developed through 
investigation of end quench case hard- 
enability, sponsored by Division 33 — 
Gear Metallurgy —of the SAE Iron 
and Steel Technical Committee. 

The hardenability was determined at 

continued on next page 


between carbon content, hardness and 
position on end quench bar. 


Practical Application of High Tem- 
perature Gas Carburizing, O. E. CUL- 
LEN. Paper No. 149B. Consideration 
of high temperature process carried out 
at 1800 F; rates of carburizing and 
carbon control methods; use of dew 
point or water vapor content in atmos- 
phere gas as determining factor for 
maintaining furnace atmosphere car- 
bon potentials; application of heat 
treat specification which called for 
carburizing SAE-1022 steel gears at 
1850 F; program, carried out at Mid- 
land-Ross Corp., Toledo Ohio, shows 
that operating temperature of about 
1800 F results in optimum efficiency. 


MISCELLANEOUS 


Engineering for Reliability, C. V. 
CROCKETT. Paper No. S-245. Cov- 
ers such topics as: determine product 
needs, first cost plus maintenance must 
be minimum, simplicity, realistic specs, 
reduced maintenance requirements, 
make foolproof, design for easy manu- 
facturing, testing correct deficiencies 
quickly and once and for all, quality 
control, organize for reliability. 





These digests are provided by E JEERING 
INDEX, which each year abstra engi- 
r articles from 0 different publications 
es the ” 49 “‘fields of engineer- 
st 

r the SAE papers digested here, circle 
umbers | “Readers Inf ation Serv- 
” blank on p. 6 corresponding to the numbers 
appearing after the titles of the digests of the 

papers yOu want 
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carbon levels of 1.10-0.30% at 0.10% 
increments with Rockwell A, Superfi- 
cial Rockwell 15N, and Vickers 10-kg 
hardness procedures, and the results 
are presented in the form of isohard- 
ness diagrams showing the relation- 
ship between carbon content, hardness, 
and position on the end quench bar. 

As the case hardenability rating in- 
creases, the variation in case harden- 
ability of steels from their minimum 
to their maximum chemistry range ap- 
pears to decrease. Reheat and quench 
practice tends to lower the case hard- 
enabilities of all grades of steel slightly. 
The SAE 8600 grade, which contains 
chromium, is affected most, particu- 
larly in the hypereutectoid region. 
The relative case hardenability rating 
of the four grades of steel is not ap- 
preciably changed by reheat and 
quench: 

According to the investigators, the 
end quench bar is recommended for 
case hardenability studies, and Rock- 
well 15N or Vickers 10-kg procedures 
should be used for measuring hardness. 
Since the isohardness diagrams in this 
paper are derived from Rockwell A 
procedures, and are affected by the 
errors introduced by their use on sur- 
faces with hardness gradients, the 
present end quench bars should be re- 
checked by Rockwell 15N or Vickers 
10-kg procedures and new isohardness 
diagrams should be presented in a sub- 
sequent paper. 


To Order Paper No. 149A .. . 


n, see p. 6 
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Steel Cord Tires 
Cool and Comfortable 


M. P. BAUMONT 


| NCREASED load carrying capacity, 

cool running at high speeds, longer 
tread life, better road holding, and in- 
creased comfort are advantages gained 
from the steel-cord, single-ply casing 
construction used in the Michelin “X”’ 
tire. 

The wall plies are made with an 
archwise arrangement of the steel 
cords, that is, they are laid on the 
shortest path at right angles from base 
to bead. The cords can work in the 
most rational fashion possible and 
when the casing is distorted under 
load there is hardly any distortion 
transmitted to the tread as there is 
with the conventional tire. 

The single-ply construction elimi- 
nates the shear forces between plies 
which exist in all multiply tires. Con- 
sequently, there is much less internal 
heating and less loss of power through 
tire drag or tractive resistance. Such 
heat as is generated is easily dispersed 
through the thin, but strong walls aid- 
ed by the thermal conductivity of the 
steel casing cords. 

Actual measurements of vibratory 
energy transmitted in the vertical plane 


Area 


by various types of tires reflect the 
increased comfort obtainable from the 
“X” construction. At the left of Fig. 1 
are measurements from a laden ve- 
hicle, at the right from an unladen 
one. The test covered a 2-mile run at 
30 mph and the effect of road springs 
was eliminated so that the suspension 
effect of the tires alone was measured. 
Because “X” tires run cool, there is 
very little rise in pressure during run- 
ning. 

order Paper No. 200A .. . 


r was 


Proposes Simplified 
Changing Practice 


2 
Oil 
C. C. MOORE, Unior 

N the summertime, drain oil every 

2000 miles or every 60 days, which- 
ever comes first. In the wintertime, 
drain every 2000 miles or every 30 days, 
whichever comes first. This is the rec- 
ommendation proposed to passenger 
car manufacturers by the Lubrication 
Committee of the American Petroleum 
Institute. If adopted it would provide 
Mr. Motorist with excellent protection 

continued on page 126 
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Fig. 1 — Chart at left shows vibratory energy transmitted in vertical plane by three types of tires on a laden vehicle. Contrast this with measure- 


ments on right-hand chart taken on same vehicle unladen, with tire pressures left at laden pressure values. 


with “X’”’ tire. 
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Returning-empty bounce is negligible 
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A report from the BOARD OF DIRECTORS 


At the April 8, 1960, meeting of 
the Board of Directors, the following 
actions were taken: 


APPROVED 


INCREASE in membership dues 
(Summary 1) 


PERMISSIVE supplemental alloca- 
tion of funds to Sections and Groups 
(Summary 2) 


Establishment of a new STUDENT 
BRANCH at Manhattan College 
(Summary 3) 


Elimination of member REGISTRA- 
TION FEE at Summer Meeting and 
reduction of nonmember registra- 
tion fee (Summary 4) 


Delegation of administration of 
SAE SPEAKER EXPENSE policy to 
Engineering Activity Board (Sum- 
mary 5) 


Appointment of E. J. MANGA- 
NIELLO to Guggenheim Medal 
Board (Summary 6) 


Election to SAE MEMBERSHIP for 
121 applicants (Summary 6) 


An amendment to the Guideposts of 
the Membership Grading Committee 
(Summary 6) 


REJECTED 


16 applicants for MEMBERSHIP 
(Summary 6) 


Summary (1) 


SAE Member Dues 
Increased 


The Directors approved an in- 
crease in membership dues that will 
become effective October 1, 1960. 
This upward modification of the 
dues schedule, which stems from a 
Finance Committee recommendation 
made last September, will mean a 
dues raise of 20% for most members. 

The new dues schedule is shown 
on the opposite page, page 99, in the 
article by President Chesebrough. 

In the lengthy and detailed dis- 
cussion which preceded this action 
at the meeting, the Directors re- 
viewed and re-evaluated the Soci- 
ety’s financial problems. They 


98 


again looked at other possible 
means of producing additional in- 
come or reducing costs. 

In the discussion, President 
Chesebrough read a proposed state- 
ment of Philosophy of SAE Finan- 
cial Management, upon which the 
Finance Committee had predicated 
its dues proposal. He offered this 
statement to the Directors as a 
yardstick for reviewing and acting 
on the dues increase proposal. This 
Philosophy of SAE Financial Man- 
agement, which the Directors adopt- 
ed, is as follows: 


. Dues should be limited to those 
costs which are essential to main- 
tain the basic services of the 
Society as defined in the Consti- 
tution. 

2.Special services which are valu- 
able to only a limited number of 
members should be on a self-sus- 
taining basis. 

3. The Society should be reimbursed 
in full by industry contributions 
for the technical services it ren- 
ders through its technical com- 
mittees. 

. By-products of the Society’s ac- 
tivities which have commercial 
value, such as displays and ad- 
vertising, should be sold to indus- 
try and the funds used in areas 
which serve the greatest number 
of members. 

.A reasonable contingency fund 
should be provided in the annual 
budget to guard against deficits. 

.An adequate reserve should be 
established. 

. Investment income should be re- 
invested. 


Acceptance of this philosophy, 
plus an analysis of recent, current, 
and projected future SAE financial 
data led the Directors to agree to 
the inevitability of a dues increase. 
They weighed carefully the possible 
negative effects of such an increase 
against the potential plus values. 
Full consideration was given to the 
economic hardships in certain in- 
dustrial areas from which SAE 
members come, the competitive 
problem of other engineering so- 
cieties, and the effect of a dues 
increase on membership growth. 

Before agreeing on the modified 
dues schedule shown on the op- 
posite page, the Directors gave seri- 
ous thought to three different sched- 
ules. The one finally adopted is 
substantially the one recommended 
by the joint committee of the Mem- 
bership Committee Executive Com- 
mittee and the Sections Committee 
Executive Committee. The adopted 
plan sets up an added incentive for 
SAE Enrolled Students to apply for 


SAE membership upon graduation 
by reducing their dues from $10 to 
$6 in their first year out of school. 
It also retains the dues reduction 
to $10 for members over 65, but 
reduces their qualification for the 
$10 rate from 25 to 20 years of paid 
membership. Under the plan 
adopted, the dues increase for all 
other members will be 20%. 


Summary (2) 


Lift to Sections Finances 


Governing Boards of Sections and 
Groups will be granted a supple- 
mental allocation of up to $150 per 
year, when proper need is demon- 
strated. This is, of course, in addi- 
tion to the $4 per member within 
its territory granted to each Section 
or Group. 

Responsibility for administering 
requests for these supplemental al- 
locations was given to the Sections 
Board. This action permits Gov- 
erning Boards of Sections, which 
have curtailed services to members 
and Enrolled Students because of 
financial strain, to seek needed 
amounts up to $150 for approved 
activities. In the past, special ap- 
propriations largely have been re- 
quested and granted to meet emer- 
gency situations. 

The Directors took this action at 
the behest of the Sections Board 
and in recognition of the increased 
costs faced by Sections and Groups 
in rendering their services to mem- 
bers. 


Summary (3) 


New Student Branch 


A Student Branch Charter was 
granted to the SAE student organ- 
ization at Manhattan College in 
New York City. Support for this 
move had been received from the 
College and members of the SAE 
Metropolitan Section. Endorsement 
of this action also came from the 
Sections Board and its Student 
Committee. 


Summary (4) 


Summer Meeting 
Registration Fee Reduced 


The $7.50 registration fee which 
members formerly paid at the SAE 
Summer Meeting will be eliminated, 
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beginning with the 1960 Summer 
Meeting in Chicago. In addition, 
the nonmember registration fee for 
the Summer Meeting will be re- 
duced from $15 to $7.50. 

The Directors took this action in 
view of the change in character of 
the Summer Meeting with 
greater emphasis on technical pa- 
pers and sessions to meet growing 
member demands and a de-emphasis 
of nontechnical features. In the 
future, all nontechnical events will 
be set up on a self-supporting basis. 

Growing out of this action was 
another to apply the entire $7.50 
nonmember registration fee at Sum- 
mer Meeting toward an applicant’s 
initiation fee—if the membership 
application is received within three 
months from the Meeting. In the 
past, only $5 of the $15 nonmember 
registration fee could be applied. 


Summary (5) 


Policy Reaffirmed 
on Payment of 
Speakers’ Travel Expense 


The Engineering Activity Board 
has been delegated the responsibility 
of administering the Society’s policy 
on reimbursing authors who present 
papers at SAE meetings. This 
policy, an existing one which was 
reaffirmed by the Directors, is as 
follows: 

1. Requests must be made by the 
Activity Committee or Program 
Planning Committee concerned, 
before any commitment is made 
with the proposed participant. 

. Requests for travel expense must 
be submitted at least 90 days be- 
fore the meeting involved to the 
Engineering Activity Board for 
approval. 

3. Each request must show that the 
proposed participant is indispen- 
sable to the meeting program and 
that he is unable to arrange for 
payment of travel expense from 
any other source. 


Summary (6) 


Other Board 
of Directors’ Actions 


E. J. Manganiello, Associate Di- 
rector, National Aeronautics and 
Space Administration, will start a 
three-year term in October as one 
of three SAE representatives on the 
Daniel Guggenheim Medal Board of 
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Society Modifies 
Dues Schedule 


UDELL 


by SAE President Harry E. Chesebrough 


S the members had been advised in previous 

communications and articles published in 
SAE Journal, the Board of Directors has been 
considering a report of the Finance Committee 
since last September. 
tee’s report stated that the economic facts of 
life have caught up with the Society. 
report, summarized by 1959 President Ray- 
mond in the February Journal, revealed that 
to keep SAE finances on a sound and logical 
basis, and to cope with the rising cost of doing 
business, a dues increase is necessary. 

The Directors at their April meeting thor- 
oughly reviewed and aired the Finance Com- 
mittee’s report, reactions from SAE members 
to the proposed dues increase, and a proposal 
from a joint committee of the Membership Committee Executive Com- 
mittee and the Sections Committee Executive Committee. 
developed from this thoughtful and thorough analysis permitted no 
other conclusion than to raise the dues. 
the Board of Directors at its meeting in April. 

The new dues schedule, which will be reflected in the next dues bill- 
ing to the membership and for new members elected as of October 1, 


Harry E. Chesebrough 


is as follows: 


New SAE Dues Schedule 


(As compared with existing schedule) 


Former SAE Enrolled Student, for first year 
following graduation, regardless of age 


25 years of age and under 
26 years of age through 30 
31 years of age through 36 
37 years of age and over 


65 years of age and over with 20° years of 
paid membership 


* Effective Oct. 1, 1960. 


* Under the old dues schedule, those 65 years of age and older had to have at least 
25 years of paid membership to qualify for the $10 dues. 


There is to be no increase in initiation fees or reinstatement fees. 


Award. He replaces J. B. Wassall. 
The other SAE representatives who 
will continue to serve on the Board 
are Jerome Lederer and W. F. Ball- 
haus. 

The Directors acted favorably on 
121 applications for membership, 
and also denied membership to 16 
applicants. 


At the recommendation of the 


Cee eee 


The Finance Commit- 


This 


The facts 


This is the action taken by 


Ven CTE 


Heenan 


Old New’ 


$10 $ 6 
$10 $12 
$15 $18 
$20 $24 
$25 $30 


$10 $10 


SUANEALATDANUEADUAGEUTTT AAT eee ul 


Membership Grading Committee, 
the Directors approved the follow- 
ing as an addition to the Commit- 
tee’s Guideposts: “A flight engineer 
is not considered to be practicing 
the profession of a graduate engi- 
neer and, without further technical 
qualifications, shall be considered 
qualified for election to Associate 
grade.” 
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Young European Engineers 
Can be Tough Competitors 


by Leonard Raymond, SAE Past President 


N LESS THAN 15 years, war-devastated European countries have made 
tremendous strides in rebuilding their economies through the will 


and effort and ambition of free people. 


There is no mystery to this achievement. 
. . hard work, intelligently directed. Hard work starts early 
During the beginning school years the curriculum is much 
more taxing than ours in the United States — and continues to be so 


basic . 
in Europe. 


throughout the years of formal education. 


In countries less blessed with ma- 
terial advantages, a college education 
cannot be a luxury. More frequently, 
it is a sacrifice and an investment in 
those promising young people who of- 
fer the best potential for successful 
return — to their families and to their 
country —through future contribu- 
tions. 

There is a common saying in the 
pugilistic fraternity that a hungry 
fighter makes the best fighter. Europe 
has this stronger incentive, since it is 
so hungry for economic progress. 

Another part of the difference in at- 
mosphere is the very great respect in 
Europe in which European university 
professors are held. A number of top 
management and engineering execu- 
tives, for example, are very proud to 


be called Professor, a title earned by 
becoming part-time working profes- 
sors in nearby universities. 

European education (the Latin root 
means “to lead out”) appears more ef- 
fective in drawing out potential ability 
than we find in this country. For en- 
gineers, it results in a depth and 
breadth of grounding in the basic 
sciences and languages which are the 
envy of American visitors. This 
greater facility in languages must be 
seen to be appreciated. It enables our 
friends and competitors to read needed 
foreign publications from other coun- 
tries — an accomplishment of increas- 
ing value in this shrinking interna- 
tional world of ours. 

On entering industry (take the au- 


“Rumble and Thud” Paper Wins 


Horning Award for Starkman and Sytz 


HE 1959 HORNING MEMORIAL 

AWARD goes to E. S. Starkman and 
W. E. Sytz for their paper titled “The 
Identification and Characterization of 
Rumble and Thud” .. . which was pre- 
sented at SAE Summer Meeting just 
one year ago. 

E. S. Starkman is associate professor, 


E. S. Starkman 


mechanical engineering, University of 
California at Berkeley, where he re- 
ceived his B.S. in 1942 and his M.S. in 
1945. He remained with the University 
as teaching assistant and instructor, 
and has been associate professor since 
1954. 

W. E. Sytz received his early engi- 


The method is simple and 


tomotive industry for an example), 
the young engineer in Europe finds the 
staffs considerably smaller than in the 
United States, thus requiring greater 
versatility. Also, with equipment 
harder to get, there is more impro- 
vising and making do with what is 
available. This eliminates the waste- 
ful shotgun approach to a problem and 
puts the engineers more on their mettle 
to show greater selectivity and in- 
genuity. Older men in our automo- 
tive industry may recall operating 
under such conditions in the past. 

As Boss Kettering pointed out at the 
dedication of General Motors’ great 
technical center: “It still takes people 
to make these elaborate new facilities 
productive.” This applies across the 
board to research, engineering, and 
production. There is an obverse — 
probably and adverse—side to this 
coin, but the current European sit- 
uation may be a factor on the greater 
tendency for venturesome introduc- 
tion of new developments. 

Europe’s standard of living is defi- 
nitely on the upbeat. Its forward 
movement is being aided by increasing 
success in competing with the United 
States in world markets. We will have 
to sharpen our skills, abilities, and 
productivity and one very im- 
portant part of this is fuller develop- 
ment of the potential of our engineers- 
to-be. (This article appeared in the 
Spring 1960 issue of the SAE Student- 
Gram.) 


neering training at Vanderbilt Univer- 
sity. Before service with the Marine 
Corps, he was with B. F. Goodrich Co., 
Coos Bay, Oregon. With his B.S. from 
Oregon State College, in 1957 he joined 
California Research Corp. as research 
engineer in the combustion research 
group, the position he now holds. 

An SAE Journal article based on the 
Starkman-Sytz paper appeared in the 
July, 1959 issue . . . and the complete 
paper is scheduled for inclusion in the 
1960 SAE Transactions. 

The award ceremony took place dur- 
ing 1960 SAE Summer Meeting at 
Edgewater Beach Hotel, Chicago — 
just preceding the regular afternoon 
session on Thursday, June 9. A. G. 
Cattaneo, 1959 Horning Award Com- 
mittee chairman, was to preside at the 
ceremonies, where presentation of the 
medals was scheduled to be made by 
Mrs. Elsie M. Horning, who instituted 
the award in 1955 in memory of her 
late husband, and SAE’s 1925 presi- 
dent, Harry L. Horning. The purpose 
of the award is best described by the 
inscription on the medal: “In acknowl- 
edgment of a new contribution to exist- 
ing knowledge of the art of mutual fuel 
and engine adaptation.” 

Serving on the 1959 Award Commit- 
tee with Chairman Cattaneo were C. M. 
Heinen and C. E. Cummings. 
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SAE’ers Featured 
At FISITA Congress 


IX SAE MEMBERS participated in 

the 8th International Congress of the 
Federation Internationale des Societies 
d’Ingenieurs des Techniques de 1]’Au- 
tomobile (FISITA) ... held at The 
Hague, May 9-13. 

Arrangements made through their 
respective SAE professional engineer- 
ing activity committees resulted in the 
following SAE-member contributions: 


Combustion Problems in Gasoline En- 
gines— F. W. Bowditch, GMC Re- 
search Laboratories 

Development of Automatic Transmis- 
sion Fluids — L. W. Manley, Socony 
Mobil Oil Co. 

Aerodynamics and the Modern Car — 
A. L. Haynes, Ford’s Engineering 
Staff 

Materials Selection for Automobiles in 
the USA—Joseph Gurski, Ford’s 
Chemical and Metallurgical Labora- 
tories 

The Automobile of the Far Future — 
A. A. Kucher, Ford’s vice president 
of engineering and research. 

Why Is the American Car Built as It 
Is Built?—Henry L. Brownback, 
technical counsel for Regie Nationale 
des Usines Renault 


N. Y. Area Students 
Hear Manganiello 


TUDENTS from six colleges in the 

New York City area were encour- 
aged by E. J. Mangeniello, associate di- 
rector of National Aeronautic & Space 
Administration, Lewis Research Center, 
who stated that underlying all the dif- 
ferent engineering specialties and 
changing technological trends are the 
same general laws and fundamentals, 
at the SAE Aeronautic Meeting on 
“Student’s Night,” April 6. After tour- 
ing the missiles and aircraft engineer- 
ing displays, the students were wel- 
comed by T. B. Rendel, vice-chairman, 
students, for Metropolitan Section. 
Mel Friedman, student chairman for 
College of the City of New York Stu- 
dent Branch introduced Manganiello, 
an alumnus of CCNY. Manganiello 
made the following points: ... 

Prime indicators of the tremendous 
growth in science and technology dur- 
ing the last 25 years include these: 

e Currently we are spending 30 times 

as many dollars on research and 
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STRICTLY FOR FUTURE ENGI- 
NEERS — or for members who may 
know of engineering students to whom 
they may pass it on — is the new folder 
titled “SAE Student Enrollment.” 
Compiled by the Sections Board’s Stu- 
dent Activities Committee, the folder 
tells the WHY and How of SAE Student 
Enrollment, and of the many services 
which SAE has provided for the future 
engineer. 


CHAIRMAN W. J. LUX’s Membership 
Committeemen will find his new ““Mem- 
bership Guideposts” an authoritative 
reference manual. 

It tells of the qualifications for the 
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(Except where a charge is specifically indicated, SAE Journal 
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of SAE literature described. Address “Literature,” SAE Jour- 
nal, 485 Lexington Ave., New York 17, N. Y.) 
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various membership grades, the grad- 
ing and election procedures, and lots 
more of value to those engaged in 
membership promotion. Section and 
group membership chairmen will find 
it particularly useful. 


30 PAGES OF BRAND NEW OPEN- 
INGS — the largest for any one month 
in SAE’s Placement Service history — 
were listed in the May “New Openings 
Bulletin.” 

The available positions are located 
throughout the country . . . although 
weighted slightly toward the Midwest 
area. 
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THIS “BEFORE AND AFTER” STANDARDIZATION example of how the earthmoving and farm 
; oes ee equipment industries have benefited through SAE’s Cooperative Engineering Program, appears in 
development as we were 25 years 4 “jyst-out” SAE booklet titled: “How CEP’s Program Serves the Earthmoving and Farm Equipment 


Industries.” 


Shown are the dollar savings realized from just one project undertaken by Subcom- 


e There are 5 times the number of mittee VIII of the SAE Construction and Industrial Machinery Technical Committee. 
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YOU'LL . . . be interested to know... 


N MID-CONTINENT SECTION’S TERRITORY — which covers the 
whole state of Oklahoma — there were 184 members as of Jan. 1. 
Section meetings have been alternating between Bartlesville, Tulsa, 
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Oklahoma City, Ponca City, Cushing, Stillwater, and Norman. Mem- 


bership is divided roughly as follows: 


Bartlesville, Tulsa, Oklahoma City 142 members 
Hugo, Lawton, Poteau, and Holdenville 24 7 
Cushing, Stillwater, and Norman 18 


Because of this distribution of membership and the size of the ter- 
ritory, one Mid-Continent Section member was prompted to make this 
analysis of his fellow-members’ on-the-road travels to meetings: 


Should 160 of the membership attend a 
Section meeting The number of one-way miles 
held in traveled per member would be 
Oklahoma City 110 
Ponca City 90 
Bartlesville 88 
Tulsa 79 
Stillwater 75 
Cushing 68 
. making Cushing the most desirable meeting location from the 
standpoint of member-per-miles traveled basis. 
With four out-of-towners per car, and one car with one local mem- 
eee 


Cushing could expect 42 cars 
Ponca City 51 
Oklahoma City 63 
Bartlesville 70 
Tulsa 94 
The total number of miles 
traveled would be 


If each member were to go 
independently to Cushing 
from 

Tulsa 

Cushing 

Bartlesville 

Ponca City 

Oklahoma City 


8,800 
12,300 
12,600 
15,300 
17,000 


The Section member who submitted this analysis concluded by say- 
ing: “Regardless of what these figures indicate or what conclusions 
can be drawn from them — whether from gasoline consumption, total 
number of miles traveled, or the average number of miles traveled per 
member, the Mid-Continent Section is unique. It’s the birthplace of 
the SAE National Fuels and Lubricants Meeting .. . and it is continu- 
ally active and aggressive, even though its members are dispersed 
throughout the State of Oklahoma.” (This is a digest of item in Mid- 
Continent Section’s Bulletin for March, 1960.) 
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scientists and engineers employed 
now as then. 


The ratio of scientists and engi- 
neers to all workers has increased 
three-fold. (On an overall basis, 
one employee out of 50 is an engi- 
neer or a scientist, but in highly 
technical industries like aeronau- 
tics one in every 10 is a technical 
professional.) 


Even more significant then these 
bare statistics is the increasing number 
of engineers and scientists in top level 
managerial positions. Corporate man- 
agement used to be completely domi- 
nated by the legal and fiscal profes- 
sions. But currently, many “executive 
suites” are occupied by the technical 
professional. 

Aeronautics and its extension, as- 
tronautics, provides an excellent illus- 
tration of a rapidly changing technol- 
ogy. In 1936 the piston engine was the 
only aircraft powerplant type. The 
changing technology then consisted of 
the struggle for bigger, lighter, and 
more efficient engines. By the early 
forties it included more and larger cyl- 
inders, better finning for improved cool- 
ing, higher compression ratios, higher 
knock rating fuels-superchargers and 
intercoolers. Then came the jet en- 
gine, the turbojet, the turboprop, the 
ram jet, and the rocket. Advent of 
these engine types introduced a major 
revolution in all parts of the business. 
New energy types were also developed: 
nuclear energy and the esoteric high 
energy borane chemicals appeared on 
the scene as alternates or additions to 
the conventional hydrocarbons or fossil 
fuels. Air speeds increased up to sev- 
eral times the speed of sound and the 
rocket powered missiles began their 
climb to ascendancy. 

With the dawn of the space age came 
emphasis on the higher energy chemi- 
cal rocket propellants, i.e. hydrogen- 
oxygen and hydrogen-fluorine acceler- 
ated consideration of nuclear rockets 
and introduction of the electric propul- 
sion devices, i.e. ion, plasma, and arc 
jet rockets. 

Often existing facilities can be 
adapted to meet new needs. To illus- 
trate: the altitude wind tunnel at 
NASA Lewis Research Center was orig- 
inally built for research and develop- 
ment on reciprocating engines for 
World War II aircraft. Today, the 
wind tunnel investigates and develops 
components for NASA's Project Mer- 
cury. 

How can engineers and scientists 
best meet the changing technology? 
Courses and books can provide the basic 
understanding and background in a 
large number of fundamental scientific 
areas. But with rapid technological 
change there is an appreciable time lag 
between new developments and text 
books. Various technical societies fill 
this gap through meetings and publi- 
cation of technical papers and journals. 
But the individual must have the am- 
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bition to partake of the intellectual 
repast. 

A student’s choice of a specialty is 
not particularly important. With the 
rapid changes in today’s technology, 
there may be as much or more differ- 
ence within a given specialty over a 
short time than presently exists be- 
tween two separate specialties. Many 
engineers in the aircraft propulsion 
and other fields have’ successfully 
negotiated several significant changes 
in their technical specialties over a 
relatively brief span of years. 


Sections Plan New 
Student Activities 


ODAY’S STUDENTS will be the 

technically trained SAE members of 
tomorrow. Stimulation of interest in 
SAE on the college campus is an im- 
portant part of Section activity. This 
was the main point agreed upon at an 
Eastern Regional Section Officers Con- 
ference held April 4 during SAE Aero- 
nautic Meeting in New York. One 
meeting each year, it was suggested, 
should be devoted to students. High 
school students may be reached 
through JETS, the Junior Engineering 
Technical Society, with some 600 high 
school chapters through the United 
States. 

Technical presentations provide the 
best Section meetings. This was the 
answer to the second most stressed 
question at the Conference: What is 
the purpose of a Section meeting — to 
fill a hall with people or to disseminate 
technical information to an intelligent 
audience? Quality of future members, 
it was pointed out, is determined by the 
quality of Section papers, for every 
guest may be a potential member. 

Other points made at the meeting 
included: 


e Topics which include something of 
interest to members in separate fields 
would draw more people to a Section 
meeting. 

e A good speaker is essential for a 
successful meeting. 

e A mutual exchange of meeting an- 
nouncements between Sections pro- 
vides a beneficial exchange of ideas. 

e The important function of the Sec- 
tion Governing Board is to set up good 
meetings. Other matters should be 
subordinated to this function. 


The conference, which was moder- 
ated by George J. Liddell of Philadel- 
phia Section, was the third of its kind. 
It was the first to be held on the East 
Coast. Vancouver, British Columbia 
was the setting of the first meeting in 
August 1959. The second opportunity 
for Section officers to meet was in 
November 1959 at Chicago. 
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Membership Chairman Lux 
Pilots new “Pilot Project” 


ETROPOLITAN SECTION has al- 
ready put into operation the new 

“Pilot Project”’ 

which SAE Mem- 

bership Chairman 

W. J. Lux has in- 

augurated ... and 

Chicago, Milwau- 

kee, Southern Cali- 

fornia, Cleveland, 

and Mid-Continent 

Sections are about 

to follow suit. 

“Pilot Project” 

is the name of a 

program designed 

to interest qualified engineers in SAE 

membership. . . . It operates basically 

like this: 


After choosing plants with the best 
membership potential in the territory, 
the Section or Group Membership 
Chairman would: 


e Meet with SAE Plant Representa- 
tives and other influential members 


there to determine what existing SAE 
services are best adapted to the work of 
the plant. 


e Design a membership approach on 
this basis, stressing, of course, the value 
of SAE as a developer of the individual 
engineer to his own and his company’s 
benefit. 


e Select interested, SAE-minded 
“contact people” within the plant who 
will utilize this “approach” ... and 
supply the contact people with appli- 
cation blanks and appropriate litera- 
ture to enable them to do a good job. 


e Assist and encourage these “con- 
tact people” by following through 
promptly on their efforts. This can 
take many forms... such as assisting 
the prospect in filling out his applica- 
tion, helping him to find the required 
references, and, if necessary, assuming 
the responsibility of getting the appli- 
cation into the hands of headquarters 
staff for immediate processing. 


‘60 Sperry Award to Braddon 
for "Mark 19 Gyro-Compass” 


REDERICK D. BRADDON, chief en- 

gineer, Sperry Gyroscope Co., received 
the 1960 Elmer A. Sperry Award on 
May 4, at Franklin Hall in Philadel- 
phia, for his “outstanding contribution 
to the field of transportation,” the 
Mark 19 Gyro-Compass. 

It was the Mark 19 that guided the 
nuclear submarines Nautilus and Skate 
under the ice cap at the North Pole... 
and which has since become the basis 
of navigational reference aboard sub- 
marines, guided missile cruisers, and 
other major combatant vessels of the 
U. S. Navy. 

With an M. E. degree from Stevens 
Institute of Technology, Braddon 
joined Sperry in 1929, and has been 
developing gyros for marine and air- 
craft automatic pilots, controls, and 
instrumentation systems ever since. 
He is the first Sperry employee to have 
been selected for the Award. 

The SAE, with the American Society 
of Mechanical Engineers, American In- 
stitute of Electrical Engineers, and the 
Society of Naval Architects and Marine 
Engineers, are the four sponsors. 
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Frederick D. Braddon 


SAE’s representatives on the 1960 
Board of Award are R. P. Trowbridge 
and T. P. Wright. 
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SAE Transactions 


Will Include 
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HE 1960 edition of SAE Transactions 

will be published in August. It will 
include about 70 papers presented at 
Society meetings during 1959 and early 
1960. 

Prices of the book are: $3 to mem 
bers, $7 to libraries and U. S. Govern- 
ment agencies, and $10 to nonmember 
Foreign prices are: $3 to members, $8 
to libraries, and $11 to nonmembers. 

The papers selected by the Readers 
Committees are: 

Radioactive Cylinders—-A Tool for Wear Re- 


search — by W. C. Arnold, V. T. Stonehocker, 

W. J. Braun and D. N Sunderman 
Engine Blocks and Their Components in Alumi- 
num Die Casting by A F. Bauer 


Reduction of Air Pollution by Control of Emission 
from Automotive Crankcases by P. A. Ben- 
nett, M. W. Jackson, C. K. Murphy and R. A. 
Randall 


Performance of a Comprex Supercharged 
Truck by Max Berchtold and H. P. 


Road 
Diesel 
Cull 


Output — A Realistic 
by A. K. Black- 


Correcting Horsepower 
Method for Diesel Engines 
wood and W. J. McCulla 


Hydrodynamic Split Torque Transmission — by 
Peter Bioch and Raymond C. Schneider 
Vehicles 


Hydrostatic Transmissions for 


H. Bowers 


Dynamic Balancing of Rebuilt Engines and Drive- 


line Components — by Ralph T. Buscarella 


Physical and Chemical Ignition Delay in an Op- 
erating Diesel Engine Using the Hot-Motored 
Technique — Part || — by C. W. Chiang, P. S. 
Myers and O. A. Uyrehara 


Design Considerations for the Struc- 
»nic Transport — by M. GC. Childers 


Preliminary 
ture of Tris 


Prediction in New Metal Joining Processes - y 
John J. Chyle 


Non-Air-Breathing Auxiliary Powerplants 
L. Cochran, A. T. Biehl, D. R. Sawle, 
Gustavson and A. M. Taylor 


y D. 
M. R. 
Stability, Shear Stability and Rubber 


Properties of Automatic Transmission 
by H. E. Deen and C. M. Stendahi 


Oxidation 
Swell 
Fluids 


Seal Testing To Establish Quality Control Specifi- 


cations Can, Reduce “Leakers’’ by Robert L. 
Dega and James D. Symons 
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70 Meetings Papers 


1H High-Speed Lightweight Diesels —by A. F. 
Dewsberry, C. P. Bozos and J. B. Reeves, Jr. 


The Expanding Polymer Horizon —by J. H. Du 
Bois 


Basic Design of Turbochargers for Diesel Engines 
— by Hans Egli 


Radioisotopes in Research by W. P. Evans and 


E. W. Landen 


Design for High-Temperature 
Frank J. Filippi and 


Optimum Joint 
Honeycomb Panels — by 
Boris Levenetz 


The Design of a Truck for Better Ride and Hand- 
ling by H. O. Flynn 


G M R Stirling Thermal Engine — Part of the 
Stirling Engine Story —1960 Chapter — by 
Gregory Flynn, Jr., Worth H. Percival and F. 
Earl Heffner 


Measurements with a small 
- by B. Corowitz and 


Electric Propulsion 
Thrust Plasma Generator 
B. W. Harned 


Radiotracers Reveal Engine Wear During Deter- 
gent Oil Filtration Study by Harry Halliwell 


Some Development Problems with Large Cryo- 
genic Propellant Systems by Daniel A. Heald 


Application of the Cumulative Fatigue Damage 
Theory to Practical Problems — by William F. 
Hofmeister 


Computer-Based Selection of Balanced-Life Auto- 
motive Gears — by George J. Huebner, Jr. 
Gearing — 


Compressive Failures in Transmission 


by GC. E. Huffaker 


Developing Transaxle Fluid by Norman A. 
Hunstad, Robert A. Wilkins, Robert E. Osborne 
and Ellard D. Davison 


Brake Drums — Investment for Safety and Profit 
- by Paul C. Hykes and Clarence A. Herman 


Spark Plug Misfiring — Mechanism Studies — by 
H. P. Julien and R. F. Neblett 


Horsepower Rating for Commercial Vehicle 
Brakes — by John H. King and Alex F. Stamm 


Ways of Improving Take-off and Landing — by 
F. W. Kolk 


The First Year of the Jet Age — Reflections — 
by F. W. Kolk 


Electric Propulsion Systems — by Victor P. Ko- 
vacik and Daniel P. Ross 


Material and Structural Damping for Vibration 
Control — by B. J. Lazan 


Possibility of ‘Spare Tire Elimination” by Use of 
Dual Compartment Tires — by Walter Lee 


The Development of Refractory Sheet Metal 
Structures by Alan V. Levy and Saul 
Bramer 


The Machining of Ultra Strength Alloys — by 
— Maranchik, Jr., J. V. Could and P. R. 
rzt 


The Effect of Residual Stresses Induced by Strain- 
Peening upon Fatigue Strength—by R. L. 
Mattson and J. C. Roberts 

Lines—by P. J. 


Torsionally Resilient Drive 


Mazziotti 


How Good is Testing? A Correlation of Cus- 
tomer, Laboratory, and Proving Ground Ex- 
perience — by William A. McConnell 


Electric Drive for Off-Highway Vehicles — by H. 
J. McLean and H. Vitt 


High-Temperature Materials and Their Heat- 
Treatment for Antifriction Applications — by 
0. W. McMullan 


Rating Transmissions from Highway Requirements 
and Vehicle Specifications — by F. C. Meldola 


Relaxation of Residual Stresses Due To Fatigue 
Loading —- by JoDean Morrow, A. S. Ross and 
CG. M. Sinclair 


Hydrostatic Transmissions — by P. C. Mortenson 


Refractory Nonmetals for Use in Hypersonic Air- 
craft by John M. Nowak 


The Use of Radioactive Tracer Techniques to 
Determine the Effect of Operating Variables 
on Engine Wear —by B. A. Robbins, P. L. 
Pinofti and D. R. Jones 


A Universal Means for Rating Diesel Engines for 
Deposits and Wear — by F. A. Robbins, L. C. 
Schneider and G. H. Shea 


Stability, CFR Coker and 
-by J. D. Rogers, Jr. 


Turbine Fuel Thermal 
Flight Evaluations 


Nuclear Rockets for Interplanetary Propulsion — 
by Frank E. Rom and Paul C. Johnson 


Design Procedure for Vibration Isolation on Non- 
rigid Supporting Structures by Sheldon Rubin 


Radiation from Flames in Gas Turbine Combustors 
— by R. M. Schirmer, L. A. McReynolds and 
J. A. Daley 


A Study of Self-Contained Starting Systems for 
Turbojet and Turboprop Engines— by Henry 
R. Schmider and John H. Ferguson, Jr. 

Old Barriers — by 


New Elastomers Break Ralph 


P. Schmuckal 


Automatic Transmission Fluid Viscosity at Low 
Temperature and its Effect on Transmission 
Performance — by Theodore W. Selby 


Current Trends in Storable Propellants 
Silverman and S. A. Greene 


Transistor Switched Ignition Systems by GC. £. 
Spaulding, Jr. 


The Identification and Characterization of Rum- 
ble and Thud by E. S. Starkman and W. E. 
Sytz 


Engine Rumble —A Barrier to Higher Compres- 
sion Ratios? by R. F. Stebar, W. M. Wiese 
and R. L. Everett 

and 


Heavy-Duty Brake Design 


by R. K. Super 


Economics of 
Maintenance 


High Energy Accelerators by Keith R. Symon 


Radiation Effects Studies for the Development of 
Radiation-Resistant Aircraft Subsystems by 
J. J. Tierney 

Properties of Silicone Rubber for High-Tempera- 
ture Static Seals by H. E. Todd and J. F. 
Miazga 


Properties of Asbestos Reinforced Laminates at 
Elevated Temperatures by Norman E. Wahi 


Rolls-Royce Diesel Engines — by R. H. Whiteside 


The Development of Two New Allis-Chalmers 
Diesel Engines — by Hans L. Wittek 


Soviet Agricultural Tractors and Equipment — by 
Wayne H. Worthington 
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From: 

Howard G. Kurtz (A’57) 

Handy Associates, Inc. 

405 Park Ave. 

New York 22, N. Y. 

Dear Editor: 

In most fields of engineering — in- 
cluding the areas covered by SAE — 
there is room for a new category... 
survival technology, as a counterpart 
to war technology. Today, with each 
new scientific insight, technical experts 
go to work to adapt this new knowledge 
to the tactics of war. 

There is urgent need for new task 
forces of scientists and engineers com- 
mitted to research and development in 
survival technology, developing the in- 
strumentation, the safety systems, the 
communications networks, the tech- 
nological tactics to be used in an even- 
tual enforceable world safety organiza- 
tion to make certain that no one in the 
future can use this new knowledge to 
threaten, or to wage war. Rather than 
a dream, this has now become impera- 
tive ... or there will be no future. 

The end of a national security: We 
are now rapidly passing the point of 
no return, beyond which, even if mili- 
tary budgets are doubled, or tripled, or 
quadrupled, for unlimited research and 
development and experiment and pro- 
duction for national defense, no nation, 
ever again, can assure safety or secu- 
rity for its people against modern scien- 
tific enemy attack! 

The future of any one nation can be 
regained in the future only when the 
future security of all nations can be 
secured simultaneously, in a single 
world security organization of some 
kind. How can a professional society 
refuse to be concerned with this ques- 
tion of the public safety and national 
security? 

Without diminishing engineering ef- 
fort in military technology, can’t there 
be technical papers on subjects of en- 
forceable military safety techniques? 

Can’t there be annual awards and 
fellowships for engineers making sig- 
nificant new contributions to the tech- 
nology of survival? 

Can’t engineering schools be encour- 
aged to open new curricula that future 
engineers may choose to dedicate 
themselves to the engineering of safety 
against war? 

Can’t science and engineering com- 
pete across the world as well toward 
the goal of the survival of mankind, as 
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they have toward the goal of wiping 
man off the earth in war? 

Can’t we begin to change the Cold 
War into a Design Competition for a 
War-Proof World? 

Are there engineers so delighted with 
their personal incentive incomes in the 
defense industries, that they would 
vote to keep the society from investi- 
gating the new field of survival tech- 
nology? 

I hope other SAE members will write 
their personal reactions, pro and con, 
to you. 


From: 

R. W. Thomas (M’36) 

Director of Transportation 

Quality Bakers of America Coopera- 

tive, Inc. 

New York, N. Y. 

Dear Editor: 

I note in the March 1960 issue of the 
SAE Journal, pp. 78-80, a symposium 
on “Truck Wheel and Tire Unbalance 
Getting the Works.” 

It seems to me that the main point 
was missed by all of the speakers, as 
they confined all of their comments to 
wheel and tire expense. 

Our organization has been pushing 
a campaign for wheel balancing on all 
front wheels of our trucks for a num- 
ber of years. It’s purpose has not been 
to save tires, but primarily for safety, 
and particularly because of the exces- 
sive vibration resulting from imbalance, 
which caused the front ends of 34-ton, 
1-ton, and 1142-ton trucks to entail ex- 
cessive maintenance. In any of these 
light vehicles there is only from 5 to 
10% of the weight on the front axle, 
and the result is that radiators partic- 
ularly, and other items tend to shake 
loose. This, to my mind, is the real 
justification for wheel balancing, 
rather than any conceivable saving in 
wheels and tires. 


From: 

J. B. Scannell, Chief Engineer 

Greene, Tweed & Co. 

North Wales, Pa. 

Dear Editor: 

It has come to our attention that the 
SAE Journal carried, in May 1959, an 
article entitled “Backup Ring Design 
Affects O-ring life,” based on a paper 
by C. E. Hamlin of Autonetics. 

Fig. 1A of this article shows the 


delta-type backup as utilized with an 
O-ring. This backup is covered by 
U. S. Patent 2,420,104, to which Greene, 
Tweed & Co. holds exclusive license. 

You can well appreciate the difficul- 
ties which arise when such an illustra- 
tion is published without calling at- 
tention to patent coverage. We are 
equally well aware that you are not 
able to screen all papers and articles 
published to avoid situations of this 
nature. 

However, we would appreciate it if 
you could make known to your readers 
the facts concerning the triangular 
delta backup in order that our position 
will not be further undermined. 


From: 

James M. Lewis 

922 East Jefferson St. 

Fort Wayne, Ind. 

Dear Editor: 

My experience with the SAE Place- 
ment Service and the SAE Journal list- 
ing of 1960 Engineering Graduates has 
been above average (December, 1959, 
pp. 103-108). 

I received, by the middle of February, 
a total of 24 inquiries from companies 
in all phases of automotive engineer- 
ing. I was invited for personal inter- 
views to six of these companies and 
have accepted employment with one of 
them. I previously had tried to contact 
several of these companies on my own, 
but had no luck in doing so. I noticed 
that the men I talked to had interest 
and respect for the fact that I was af- 
filiated with SAE. 

I greatly appreciate the opportunity 
of having participated in this place- 
ment program and I hope that you will 
continue to make it available to college 
students. I know many men in our 
SAE Student Branch at Indiana Tech- 
nical College who were sorry that they 
had not taken the trouble to take ad- 
vantage of this service. I have supplied 
them with the inquiries that I didn’t 
follow up. 

May I take this opportunity to thank 
you and the members of the SAE Place- 
ment Committee for making this out- 
standing service available to me and 
other college students. 


From: 

A. L. Stewart, Director 

Standards Association of Australia 

Sydney, Australia 
To: Editor, SAE Handbook: 

We have just received our copy of 
the 1960 SAE Handbook. 

The SAE Standards have become so 
much used by industry in this country 
that scarcely a day passes without this 
Handbook answering some query from 
the industrial public or one of our many 
committees. 

According to our librarian it is one 
of the most valuable and frequently 
used reference books in our library. 

Many thanks. 
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AK IHMOVING 


is theme of 11th Annual 


Earthmoving Industry Conference 


HE ELEVENTH ANNUAL EARTH- 

MOVING INDUSTRY CONFER- 
ENCE drew more than 1800 partici- 
pants desirous of Seeing Ahead in 
Earthmoving. Present were represent- 
atives of the designing, contracting, 
manufacturing, operating, selling, and 
administrating segments of the earth- 
moving industry. Technical presenta- 
tions designed to whet their appetite 
for knowledge included: Construction 
Machinery Requirements of the Corps 
of Engineers; The AASHO (American 
Association of State Highway Officials) 
Road Test — What It Taught Us; High 
Durability Electrical Equipment for 
Earthmovers; Electrical Remote Con- 
trol Systems; Diesel Engine Cold Start- 
ing; Role of Computers in Earthmov- 
ing; Development and Potential Appli- 
cations of the Gas Turbine; The Place 
of the Gas Turbine in Off-Highway 
Equipment; The Fuel Cell Powerplant; 
and a panel on Earthmoving Equip- 
ment Requirements — The Next Dec- 
ade. Serving on the panel were: 

L. P. Gilvin, Gilvin-Terril, Inc.; C. F. 
Replogle, C. F. Replogle Co.; E. D. Wil- 
liams, Williams & Bessert; G. G. 
Werner, Jr., Merritt-Chapman & Scott 
Corp.; W. J. Troup, Jr., Troup Bros., 
Inc.; and M. A. Robinson, Morrison- 
Knudsen Co., Inc. 

The Conference was held in Peoria, 
Illinois — the earthmoving capital of 
the world—and was a success be- 
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cause of the excellent participation of 
Central Illinois Section members and 
the many associated companies, who 
encouraged attendance and presenta- 
tion of papers. 

Conference chairman, M. C. Nuel 
welcomed the registrants and Rev. 
Father Walter Buche gave the invoca- 
tion. 

Senator Jennings Randolph of West 
Virginia added both humor and serious 
thought in his speech at the banquet. 
The Senator re-emphasized the re- 
sponsibility of citizens to get their per- 
sonal views to their Congressmen. On 
the humorous side, Randolph pointed 
out some of the character changes that 
many Presidential candidates undergo 
as they become serious campaigners. 

The keynote speaker was Lt.-Gen. 
E. C. Itschner. Gen. Itschner reviewed 
some of the history of early earthmov- 
ing projects and showed how modern 
projects are handled in a much differ- 
ent way. By way of illustration, the 
Fort Peck Dam built in 1930 was an 
earthfill job which was constructed 
largely with a hydraulic dredge. Well 
over a million cubic yards were handled 
in this manner. In comparison, the 
Oahe Dam, completed recently, was 
built with highly mobile earthmoving 
equipment. 

The new Titan missile bases will re- 
quire the movement of over 4,000,000 
cu yd. Itschner suggested that the 


military would like to see new ma- 
chines built with more replaceable 
components along the much publicized 
“black-box concept.” The General 
concluded by inviting suggestions from 
industry concerning military construc- 
tion and transportation. 

The six objectives of the Conference 
continue to be: 


1. To publicize the high order of en- 
gineering activity in the develop- 
ment of earthmoving machinery. 


To serve the engineers who are 
locally engaged in designing and 
developing earthmoving equip- 
ment. 


To bring to the younger engineers 
a meeting of national character. 


To bring engineers of the Central 
Illinois area in contact with engi- 
neers of wide ex»verience and 
knowledge in the industry. 


To promote in younger engineers 
a desire to belong to a technical 
society interested in promoting 
engineering activities. 


To promote the general welfare 
of the industry by the publicity 
to be obtained therefrom. 


It is felt that all of the objectives 
were achieved at this year’s Confer- 
ence. 
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ELEVENTH ANNUAL EARTH- 
MOVING INDUSTRY CONFER- 
ENCE COMMITTEE. Rear (I-r) 
1. L. Joslin, secretary; R. Lenich, 

licit H. Babbitt, Jr., finance; 


Front ( ) 
nt -r) 


Web- 
Nuel, 


Drais 


At the Earthmoving 
Industry Conference . . . 


AASHO Road Test — What it 
Taught Us by W. E. Chastain, Sr., 
Illinois Division of Highways (Paper 
not available 


High Durability Electrical Equipment 
for Earthmovers by W. C. Edmund- 
son, Delco Remy Division, GMC 


($243) 


Electrical Remote Control Systems 
by J. T. Osterman, Electric Auto 
Lite Co. ($238) 


Diesel Engine Cold Starting by L. 
P. Atwell, Electric Auto-Lite Co. 
($241) 


Role of Computers in Earthmoving 
by Basil Mikhalkin, Bendix Aviation 
Corp. ($240) 


Development and Potential Applica- 
tions of the Gas Turbine by L. J. 
Nuttall, General Electric Co. ($244) 


Place of the Gas Turbine in Off- 

Highway Equipment by J. M. Steph- 

enson, Lycoming Division, Avco 

Corp. ($239) ' , 

The Fuel Cell Powerplant by Dr. H. 7 , |») ’ 

K. Uhrig, Allis-Chalmers Mfg. Co. IS ; es BANQUET SPEAKER, 
($253) : ® Senator Jennings Ran- 
Papers are available through SAE dolpt or West Virginia 
Special Publications Department. ’ eft), smiles as he dis- 
Prices: 50¢ a copy to members; 75¢ cusses Take Time for 
a copy to nonmembers. Laughter speech with R 


W. Rand, chairman, Cen- 
tral Illinois Section. 
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WILLIAM F. LeFEVRE has been ap- 
pointed director of advanced product 
research to head an expanded research 
program at White Motor Co. This 
program will include the study of all 
forms of transportation to guide 
White’s long-range product develop- 
ment program. 

LeFevre served Freightliner Corp. as 
chief engineer and chief engineer-re- 
search from 1950 to June 1959. He 
had been manager of research at Frue- 
hauf Trailer Co. since June, 1959. 





Lefevre 





Heimann 





Richardson 


Mattaei 
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ARTHUR E. RAYMOND retired 
June 1 as senior vice-president of engi- 
neering at Douglas Aircraft Co., Inc., 
after 35 years of productive service. 

He is a past Director of SAE. 


EDWARD HEINEMANN has been 
named to take charge of operations in 
Europe for Douglas Aircraft Co., Inc. 
Heinemann has made many contribu- 
tions since he joined Douglas in 1926, 
including the present A4D, which has 
been nicknamed “Heinemann’s Hot 
Rod.”’ 


FREDERICK C. MATTAEI, JR., 
vice-president of research and develop- 
ment for American Metal Products Co. 
since 1958, has been named executive 
vice-president of the company. 


DR. R. P. DINSMORE, vice-presi- 
dent in charge of research and develop- 
ment of Goodyear Tire & Rubber Co., 
has been elected to the Goodyear board 
of directors. 


IDEN F. RICHARDSON has been ap- 
pointed a vice-president of Hughes 
Aircraft Co. He will continue to serve 
as Manager of the company’s commer- 
cial products activities, a position to 
which he was named in October 1959. 


Little 





Cy 


EMIL O. WIRTH has been appointed 
staff assistant to the assistant group 
executive of Bendix Products Division 
of Bendix Corp. He will concentrate 
on cost reduction. 

He was most recently factory man- 
ager of the Landing Gear Division in 
charge of quality control and manu- 
facturing of aircraft struts, wheels and 
brakes, and nuclear mechanisms. 

Wirth is a past chairman of SAE 
Chicago Section. 


SHELDON G. LITTLE has been 
named director of the newly created 
product reliability department at Gen- 
eral Motors Corp.’s Truck and Coach 
Division. Little was previously assist- 
ant chief engineer of the division. 


DONALD J. LaBELLE has been 
named to succeed Sheldon G. Little as 
assistant chief engineer of GMC Truck 
and Coach Division. He will report to 
C. V. Crockett, chief engineer of the 
division, and will be responsible for 
truck engine, chassis and body engi- 
neering developments. Previously he 
was truck engineer. 


ROBERT E. FIELD has been ap- 
pointed to succeed Donald J. LaBelle 
as truck engineer for GMC Truck and 
Coach Division. Formerly he was ad- 
ministrative engineer. 





LaBelle 


Field 
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WILLIAM M. HOLADAY has re- 
signed as chairman of the Civilian- 
Military Liaison Committee. In his 
letter of resignation to President Eisen- 
hower, Holaday recalled that “legisla- 
tive changes now pending recommend 
dissolution of the liaison committee.” 
In testimony before Congress, Holaday 
had earlier said that his Committee 
had become “little more than a post- 
office” serving the civilian and military 
space groups. ... Accepting the res- 
ignation, the President commended 
Holaday, writing: “Through your as- 
sociation with these activities, you have 
helped to solve many of the intricate 
problems for which no precedents have 
existed.” 


THOMAS V. JONES, president of 
Northrop Corp. since May 1959, has 
also been named the company’s chief 
executive officer. 


FRANK O. RILEY has been ap- 
pointed general manager of Ternstedt 
Division of General Motors Corp. 
Riley joined General Motors in 1933 
and was most recently director of prod- 
uct engineering for the Ternstedt Divi- 
sion. 


FREDERICK J. HOOVEN has been 
appointed to the newly created posi- 
tion of technical assistant to the chief 
engineer of Ford Division, Ford Motor 
Co. Previously he was executive engi- 
neer of advanced cars. 


JESSE W. RICHARDS succeeds 
Frederick J. Hooven as executive engi- 
neer of advanced cars at Ford Division, 
Ford Motor Co. His previous position 
was department manager. 


WILLIAM C. HEATH, manager of 
industrial products at Solar Aircraft 
Co., has been named manager of the 
company’s newly formed Industrial 
Products Division. 


ROBERT S. PLEXICO has retired as 
chief truck design engineer at Chevro- 
let Motor Division, General Motors 
Corp. Plexico joined Chevrolet Motor 
Division in 1934 and has been associ- 
ated with a number of modern devel- 
opments in passenger cars, commercial 
and military vehicles. Prior to joining 
GMC he served Anderson Motor Co., 
Warner Gear Co., and Willys-Overland. 


Heath Plexico 
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LESTER L. COLBERT, for- 
merly president of Chrysler 
Corp., has become chairman of 
the board of directors and chief 
executive officer. WILLIAM C. 
NEWBERG has been named 
president of the corporation. 


ee 


Newberg, who has been ex- 
ecutive vice-president since 
1958, will be chief operating of- 
ficer. 


Newberg and Colbert has been 
closely associated since World 
War II when Newberg was chief 
engineer of the Dodge Chicago 
plant and Colbert was general 
manager. 


TUCUEUEUU EERE 


Newberg succeeded Colbert in 
1951 as president of the Dodge 
Division. 


RUSSELL FRANKS has retired as 
manager of Marketing Research Divi- 
sion at Union Carbide Metals Co., a di- 
vision of Union Carbide Corp. He will 
continue to serve the company in a 
consulting capacity. 

Franks has served Union Carbide 
over 40 years, and has been credited 
with many metallurgical developments 
in stainless and alloys steels. He 
started in the Corporation’s Research 
Laboratories and, after serving in vari- 
ous capacities, was appointed chief 
metallurgist in 1943. In 1946 he was 
transferred to the predecessor of Union 
Carbide Metals Co. and in 1950 became 
manager of development. He was 
named manager of the Marketing Re- 
search Division when it was organized 
in 1956. 


ARTHUR E. MILLER, director of re- 
search at Scott Aviation Corp., ad- 
dressed the Thirtieth Annual Conven- 
tion of the Greater New York Safety 
Council on March 29 in New York City, 
demonstrating the fire hazards of gase- 
ous oxygen. 


Executive Changes at Chrysler Corp. 
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LEO M. CHATTLER has been ap- 
pointed general manager of Raymond 
Atchley, Inc., a subsidiary of American 
Brake Shoe Co. Previously he was em- 
ployed by Chance Vought Aircraft, Inc. 
as manager of electro-mechanical 
products for Vought Electronics Divi- 
sion. 

Chattler is chairman of SAE A-18 
Technical Committee of the Aircraft, 
Missile and Space Vehicle Flight Con- 
trol Systems and is a member of SAE 
A-6 Committee on Aircraft and Space 
Vehicle Hydraulic and Pneumatic Sys- 
tems. 


THOMAS J. GILLICK, JR. has been 
appointed to the newly created position 
of manager of product application and 
engineering at American Felt Co.’s 
Marketing Division. 

As manager of their engineering and 
Research Division and a member of 
their New Products Planning and De- 
velopment Committee, Gillick has been 
actively concerned in developing new 
products and applications for wool and 
synthetic fiber felts. 

—continued— 


Chattler Gillick 
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Lockheed Vice-Presidents Advance 


Monesmith 
BURT C. MONESMITH, 
vice-president and general 


manager of Lockheed Aircraft 
Corp.’s California Division for 
eight years, has been named 
corporate vice-president for 
manufacturing, a newly estab- 
lished position for company 
wide guidance on production 
functions. 


FRED T. MILLER has been named 
vice-president and general manager of 
Borg-Warner Controls, a newly formed 
Division of Borg-Warner Corp. 

The new division, which is head- 
quartered at Santa Ana, Calif., will 
maintain close liaison with Western 
Hydraulics, Ltd., subsidiary of Borg- 
Warner. 

Miller was formerly technical assist- 
ant to the president of Western Hy- 
draulics. 


FRED O. HOSTERMAN, president 
and general manager of Western Hy- 
draulics, Ltd., adds responsibilities as 
president and chief executive officer of 
Borg-Warner Controls. 


LELAND E. BOREN, president of 
Pierce Governor Co., Inc., has become 
president of Pierce-Pickering Governor 
Co., which was recently formed by the 
acquisition of the former Farris Picker- 
ing Governor Co. by Pierce Governor 
Co. 





Reemsnyder 
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M. CARL HADDON, who 
has been serving Lockheed 
Aircraft Corp. as vice-presi- 
dent and general manager of : 
the Electronics and Aviations = 
Division, has been named to 
succeed Burt C. Monesmith as 
vice-president and _ general 
manager of the California Di- 
vision. 


Hit 


ROBERT E. VALK has been ap- 
pointed general manager of manufac- 
turing for Automotive Division of Es- 
sex Wire Corp. Previously he was 
vice-president and group executive of 
Electric Auto-Lite Co. 


DEAN C. REEMSNYDER has been 
named project engineer for the engi- 
neering department of New Devices 
Laboratories, Thompson-Ramo-Wool- 
dridge, Inc. 

Reemsnyder joined New Devices in 
1956 and has been assisting in analysis 
and design of nuclear auxiliary power 
units. 


RONALD B. CHRISTIANSEN has 
been named field fleet service manager 
of Plymouth-De Soto-Valiant Division 
of Chrysler Corp. Christiansen joined 
Chrysler Corp. in 1936 as a representa- 
tive for the Central Service Division, 
and was most recently fleet service 
manager for the Fargo Division. 


Christiansen 





D. G. PROUDFOOT, vice-president, 
Pennzoil Division, South Penn Oil Co., 
has retired. He was a long time mem- 
ber of SAE Fuels and Lubricants Tech- 
nical Committee and served as vice- 
chairman. He was also vice-chairman 
of Pittsburgh Section for a number of 
years. 

Proudfoot and his wife are taking an 
extended trip overseas. 


HARRY D. HALL has been appointed 
director of manufacturing development 
at General Motors Corp. Previously he 
was chief engineer of manufacturing 
development. He joined the Manufac- 
turing Staff at GM Technical Center 
three years ago. 

RONALD A. FEATHERSTONE has 
been named to succeed Harry D. Hall 
as chief engineer of manufacturing de- 
velopment, General Motors Corp. He 
had been staff engineer in manufactur- 
ing development. 


P. G. SMITH has been named execu- 
tive vice-president of Royal Industries, 
Inc. Formerly he was executive vice- 
president of Airaterra and concur- 
rently vice-president and general man- 
ager of Roylyn, Inc. 


JOSEPH GESCHELIN, Detroit Edi- 
tor, Chilton Publications will present a 
paper on management of cutting fluids 
at a symposium at the Annual Meeting 
of ASTM in Atlantic City, N. J., the 
last week in June. 


CARL E. WIDELL has been named 
vice-president in charge of marketing 
at Wagner Electric Corp. He will be 
responsible for overall marketing activ- 
ities of electrical apparatus and auto- 
motive braking equipment divisions. 


DR. FREDERICK J. PORT has been 
named vice-president at the Automo- 
tive Division of Electric Storage Bat- 
tery Co. He has been general manager 
of the division since 1958. 


F. J. STRNAD has been named vice- 
president and chief engineer for Link- 
Belt Speeder Corp. Previously chief 


engineer he joined Link-Belt Speeder 
in 1945 after eleven years experience in 
engineering and field service for Link- 
Belt Co 





Strnad 
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JAMES M. CHANDLER, section su- 
pervisor of test engineering at Ford 
Motor Co., has been elected chairman 
of the Vehicle Combustion Products 
Committee of the Automobile Manu- 
facturers Association succeeding 
CHARLES M. HEINEN, assistant chief 
engineer for chemical engineering de- 
velopment at Chrysler Corp. 


DR. RALPH T. HALSTEAD has been 
appointed to the newly created position 
of sales manager for friction materials 
of Johns-Manville Corp.’s Packings and 
Friction Materials Division. 

Dr. Halstead joined Johns-Manville 
in 1931 as research chemist in friction 
materials and packings department. 
In 1940 he became section chief of 
friction materials, and in 1944 man- 
ager of Packings and Friction Mate- 
rials Research Department. 


WINFORD B. HICKMAN has been 
appointed to the new position of chief 
product engineer for Clark Equipment 
Co.’s Brown Trailer Division. Hickman 
joined Brown Trailer Division in 1959 
as product engineer. Prior to that he 
served seven years with Dorsy Trailers 
as design engineer, and chief research 
and development engineer. 


NORMAN GECO is now head of Geco 
Sales Engineering Products, an engi- 
neering manufacturers representative 
concern selling to aircraft, missile, 
marine and industrial firms in Calif. 
The company is set up to meet the 
needs of these industries for high 
energy products. 

Formerly Geco was western district 
sales manager for Gits Brothers Mfg. 
Co. 


ROBERT PADGETT has been named 
assistant chief project engineer for 
Production Turbines Engineering Divi- 
sion of Solar Aircraft Co., reporting to 
A. D. Zakarian, chief project engineer. 
Padgett joined the Production Engi- 
neering Division of Solar in 1950 after 
graduating from Worcester Polytech- 
nic Institute. 


LEONARD J. GALATI, formerly with 
Delta Air Lines in Atlanta, has joined 
Southern Airways, Inc. as supervisor of 
aircraft engineering. 


Hickman 
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G. RALPH STROHL (right) and his son, H. FREDERICK STROHL 
are shown at the Autocar Division of White Motor Co. where they are 
employed. H. Frederick Strohl, a graduate of Haverford College, is 
technical service manager, and his father is director of research. The 
senior Strohl is a past chairman of SAE Philadelphia Section. 
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JOSEPH D. KODY has been ap- 
pointed chief engineer of the Research 
and Engineering Division of Imperial 
Brass Mfg. Co. Kody joined Imperial 
Brass in February 1959. He was for- 
merly associated with the Ford Motor 
Co. in a supervisory capacity for de- 
sign engineering. 


A. VANCE HOWE has joined High- 
way Trailer Co. as vice-president of 
eastern sales. 

Howe served Fruehauf Trailer Co. 
for the past 15 years and was a key 
figure in their Fleet Sales Division. 
Prior to Highway Trailer he was man- 
ager of Fruehauf’s Container Division. 


KARL CHALMERS has been ap- 
pointed product merchandising man- 
ager, Service Parts Division of Electric 
Autolite Co. Previously he was sales 
manager of the Canadian Parts and 
Service operations. He is a past chair- 
man of SAE Ontario Section. 


Padgett 


SAE Father and Son 
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WILLIAM C. SCHUSTER, previously 
district manager, is now fleet sales en- 
gineer for Perfect Circle Corp. 


JAMES M. MARZEN has joined the 
staff of the Whiting laboratories of 
Standard Oil Co. of Ind. In his new 
position he will carry out studies on 
the combustion of gasoline in automo- 
bile engines. He was previously asso- 
ciated with Chrysler Corp. 


LESTER L. NIGHSWONGER has be- 
come senior engineer at John Deere 
Research & Engineering Center, Deere 
Mfg. Co. Formerly he served Beech 
Aircraft Corp. as senior design engi- 
neer. 


GEORGE A. KOZLOFF has become 
director of engineering for Chrysler 
Motors, Ltd. in Surrey, England. For- 
merly he was manager of engineering 
for Chrysler Corp.’s International Op- 
erations. 

continued on p. 114 
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or articles based on material 
drawn from Section papers in 
this issue see: 
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...from METROPOLITAN 
papers 
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...from a CENTRAL ILLINOIS 
earthmoving paper 
p. 95... 
...from a ROCKFORD-BELOIT 
paper 
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...From a SOUTHERN CALI- = 
FORNIA paper : 
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EARLY AUTO BUGGIES usually 
had red wheels to identify them as 
“horseless carriages’—not buggies 
from which the horse had casually de- 
parted, Murray Fahnestock humorously 
stated at CHICAGO SECTION April 12. 


Through The Sections 


RUMBLE is a special type of pre- 
ignition condition occurring at high 
speeds and is characterized by severe 
high frequency vibration. The destruc- 
tive magnitude of the unbalanced 
forces is such as to cause extensive en- 
gine damage in a very short time, 
Frank A. Suess, director of technical 
services, Continental Oil Co. told KAN- 
SAS CITY SECTION April 21. 


FUEL MIXTURES used in competi- 
tive races are determined mainly by in- 
tuition, according to Douglas Kline, 
winner of the technical papers contest 
between students from Parks College 
and Missouri School of Mines & Metal- 
lurgy which is held annually at ST. 
LOUIS SECTION. 

Kline, a senior at Missouri School of 
Mines & Metallurgy, is interested in 
motorcycle hill climbing and told in 
his paper “Competition Fuel Testing 
on a C.F.R. Engine” of his research to 
bring science into the mixing of motor- 
cycle racing fuels. 

John Wake, a graduating senior at 
Missouri, won second place with his 
paper “Radiation Shielding” in which 
he developed the formula for determin- 
ing cost of a lead cover for an atomic 
engine, such as might be used in the 
car of the future. 


Almost a DOZEN MILES OF CONVEYOR BELTS were observed by student 
members from CCNY STUDENT BRANCH as they toured Ford Motor Co.’s 


Mahwah, N. J. plant. 
Watching from key 
locations, they saw the 
following processes 
which comprise the 
91/2 hr operation of 
mass-producing auto- 
mobiles: Parts from 
manufacturing plants 
are unloaded and weld- 
ed into units. After 


welding, the body is cleaned, phosphate coated, metal finished, and painted by 


hooded workers in paint booths. 


Oven baking adds a hard and glossy finish. 


During the “trim line” operation, workers swarmed over the moving units, fit- 
ting cloth to the roof, sliding sheets of glass into windows, and mounting hard- 
ware, mirrors, visors, gages and clocks — in a few minutes. 

On a parallel sub-assembly line, frames are started and springs, spindles, 
drums, brake linings and pedals installed. Pre-tested engines are placed on the 
line according to production line-up. A hoist lowers the right body on the cor- 


responding chassis. 


The front end is decked, wheels and cushions added, head- 


lights focused, steering adjusted — and the assemblage is completed. 
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Denis Tsao, a Parks Student, placed 
third. His paper “Introduction to 
Magnetohydrodynamics” told of a new 
concept which involves the making of 
gases electrically conductive so they 
can be set into motion by the principle 
of motor action 


Richard Dyer (above, right), of 
Lockheed Aircraft Corp., spoke at 
NORTHERN CALIFORNIA SECTION, 
SOUTH BAY DIVISION April 5. He is 
greeted by Forest Fingerle, vice-chair- 
man, South Bay Division. 


ALL FEDERAL POST OFFICES built 
after January 1, 1960 are to be equipped 
with bomb shelters adequate to house 
the workers normally on duty and ad- 
ditional persons present on business, 
Col. E. R. L. Doty, director of the Pacific 
Area, Office of Civil Defense Mobiliza- 
tion told HAWAII SECTION April 19. 

The City Hall of Honolulu will be 
equipped with an equal shelter. In ad- 
dition, plans have been made to con- 
struct an underground storage facility 
in Honolulu adequate to store food and 
supplies for a period of six months. 


INJECTORS developed by Silver 
Power Fuel Injection Service operate 
for about 150,000 miles, Q.B. Jervis, 
owner of the company, told SOUTH- 
ERN CALIFORNIA SECTION March 
14. 

The fuel system is basically com- 
prised of a gear type pump supplying 
fuel to a manifold, similar to the com- 
mon rail, with injectors supplied from 
the manifold. Injector plunger travel 
is constant. Fuel supply to each in- 
jector is dependent on pressure in the 
manifold which is regulated by the 
throttle. 
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ATIONAL MEETINGS 


1960 


@ June 5-10 
Summer Meeting, Edgewater Beach Hotel, Chicago, Ill. 


@ August 16-19 
National West Coast Meeting, Jack Tar Hotel, San Francisco, Calif. 


@ September 12-15 
National Farm, Construction and Industrial Machinery Meeting 
(including production forum and engineering display), 
Milwaukee Auditorium, Milwaukee, Wis. 


@ October 10-14 
National Aeronautic Meeting (including manufacturing forum and 
engineering display) , The Ambassador, Los Angeles, Calif. 


@ October 25-27 
National Transportation Meeting, Hotel Leamington, 


Minneapolis, Minn. 


@ October 31—November 2 
National Powerplant Meeting, Hotel Cleveland, Cleveland, Ohio. 


@ November 3-4 
National Fuels and Lubricants Meeting, The Mayo, Tulsa, Okla. 


1961 


@ January 9-13 
SAE International Congress and Exposition of Automotive Engi- 
neering (including engineering display) , Cobo Hall and Convention 


x | 


AA MOID 


VELBUNA 
WG-1! 


Latest in Vellumoid’s line of out- 


Standing gasketing materials. 
VELBUNA WG-1 


Excellent for applications involv- 
ing medium or high compression 
loads requiring both firmness 
and conformability 


VELBUNA WG-1 
Compounded of high grade fibre 
and Buna N synthetic rubber 
combined by a special process 


VELBUNA WG-1 
. homogeneous sheet 
wi Outstanding sealing char- 
acteristics ae: 


VELBUNA WG-1 


Excellent torque retention 


VELBUNA WG-1 
Your answer to a wide range of 
services involving oils, greases 
fuels, and water 


We'll be happy to furnish sam- 


ples for testing on your particu. & 


lar application. 


Write Today... 
THE VELLUMOID COMPANY 


Dewey and Almy Chemical Division 
Grace & Co 


THE 
VELLUMOID 


WwW. R. ¢ 
54 Rockdale St., Worcester, Mass. © 
: z 


COMPANY 


Arena, Detroit, Mich. 


Cs 


WORCESTER, ak 
° e e m 


MASS. 
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GEARS 


CHUM baad ed BO 0.U i 


made to, order 
by 


FAIRFIELD 


A Pius Value 
IN ANY PRODUCT! 


Simple arithmetic explains why, TODAY, 
many of America’s leading machine makers 
no longer undertake to solve the problems 
involved in production of gears, differentials, 
and specially designed gear parts. For them, 
FAIRFIELD IS THE ANSWER! 

Every facility is available at Fairfield — 
latest, cost-cutting, ultra-modern metal- 
working and heat treating equipment, kept 
busy by volume production, plus expert 
engineering counsel. This makes for econ- 
omy and efficiency that can benefit YOU. 

Check with Fairfield NOW on your gear 
production schedules. As one of the 
nation’s largest independent producers, 
Fairfield can usually give you quickest 
service available and handle any produc- 
tion requirement. Become a Fairfield cus- 
tomer; it pays! CALL OR WRITE. 


FAIRFIELD 


Manufacturing Company, Inc. 
2327 South Concord Rd 
TELEPHONE: SHerwood 2.7353 


For ELWEE 


Lafayette, Indiana 


SAE Members 


continued from p. 111 


JAMES W. MASSEY has joined the 
AiResearch Mfg. Co. of Arizona as sen- 
ior project engineer. Previously he 
served Beech Aircraft Corp. as chief 
project engineer for ground support 
equipment. 


ROBERT A. WAGNER has been ap- 
pointed manager of the helicopter en- 
gineering department of Hughes Tool 
Co.’s Aircraft Division. Previously chief 
engineer for Hiller Aircraft Corp., Wag- 
ner has been associated with the devel- 
opment of helicopters at Hiller, Kellett 
Aircraft Corp., and McCulloch Corp. 
He is vice-chairman of SAE Helicopter 
Committee and a member of SAE Aero- 
space Craft Activity Committee. 


PETER ALTMAN, vice-president of 
Continental Motors Corp., is head of 
the newly formed University of Detroit 
Research Advisory Board, which will 
review the research work now being 
done by the University and recommend 
methods of procedure and of expand- 
ing activity. 

SAE members who are serving on 
the board include: DR. WILLIAM H. 
HULSWIT, chairman of division qual- 
ity committee, Development Division, 
U. S. Rubber Co.; ALBERT F. WELCH, 
head of electronics, instrumentation 
department of General Motors Re- 
search Laboratories; K. W. TANT- 
LINGER, vice-president in charge of 
engineering and manufacturing, Frue- 
hauf Trailer Co.; MERRILL A. HAY- 
DEN, vice-president and general man- 
ager, Machinery Hydraulic Division, 
Vickers, Inc.; BERNARD J. MEL- 
DRUM, special assistant to general 
manager, Missile Division, Chrysler 
Corp.; and, GEORGE A. DELANEY, 
retired chief engineer, Pontiac Motor 
Division, General Motors Corp. 


ELLIOTT A. JOHNSON is now owner 
and manager of E. A. Johnson Co. in 
Portland, Oreg. In this capacity he 
operates as a warehouse distributor for 
three factories selling to the automo- 
bile, truck, and industrial wholesale 
trade. 

Previously he engaged in a whole- 
sale parts store, C. & J. Parts Service 
in Billings, Mont. 


HENRY FORD II, president of Ford 
Motor Co., and ERNEST R. BREECH, 
chairman of the board at Ford Motor 
Co., served on a committee sponsoring 
a dinner in honor of Charles H. Kell- 
stadt, president of Sears, Roebuck & 
Co., which was held May 25 at the 
Waldorf-Astoria, N. Y. for the benefit 
of the National Conference of Chris- 
tians and Jews. 


ERIC R. HILBORN has become proj- 
ect engineer for Chrysler Corp. of Can- 
ada, Ltd. He was formerly product en- 


Gears and Differential's SY Made to Onxdar for: 


TRACTORS + HEAVY DUTY TRUCKS + AGRICULTURAL MACHINERY +» POWER SHOVELS AND CRANES 
MINING MACHINES + ROAD GRADERS + BUSES + STREET SWEEPERS + INDUSTRIAL LIFT TRUCKS 


gineer for Thompson Products, Ltd. 


continued on p. 116 
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PRESSURE MONITORING PROBLEM? SEE AC! 


New AC pressure switch 
—newest AC design for 


superior pressure 


monitoring reliability 


SPARK 


FLINT—1300 North Dort 
Highway, CEdar 4-5611 


If you have a problem in the field of pressure 
switches for the monitoring of air or hydraulic 
pressures, contact AC. AC has been in the pres- 
sure switch business for years and years and AC 
has paced the industry in the development of 
pressure switches of even better reliability, effi- 
ciency and economy. 

AC’s leadership in pressure switch engineering is 
underscored by AC’s most recent design—a slack 
diaphragm switch that sets new standards of 
reliable, efficient, economical performance. 

This improved switch . . . increases cycle life from 
500,000 to 1,000,000 cycles holds closely to 
calibration limits for positive control of diaphragm 
compression and maximum sealing . . . overcomes 
temperature expansion shrinkage by using a metal 
crimp ring instead of phenolic molding compound 
as part of the sealing construction . . . has stamped 
shell for slip-proof wrench attachment. 


Unlike previous designs and many current 
“improved” designs, this AC pressure switch 
functions efficiently under such adverse con- 
ditions as dirty oil and high temperatures. It effi- 
ciently and effectively shows pressure rise and 
fall between 3 and 30 p.s.i. in cars, trucks, tractors 
and inboard-engine power craft. It uses standard 
pipe sections for connecting to oil galleries and is 
available in many variations of length, thread 
diameter and thread size, permitting purchase 
and use at minimum tooling costs. 


If you want to know more about this new AC 
pressure switch or have problems in the field 
of pressure monitoring, get in touch with the 
nearest AC office. AC sales engineers and pressure 
switch specialists are as close at hand as your 
post office, telegraph office or telephone. 


AC Reliable Products Help You Sell 


ELECTRONICS 


DETROIT— General Motors 
Bidg., TRinity 5-9197 


PLUG €& THE 


CHICAGO—7074 North Western 
Avenue, ROgers Park 4-9700 
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DIVISION OF 


CLEVELAND — 20575 Center 
Ridge Rd., EDison 1-8622 RAymond 3-5171 


GENERAL MOTORS 


PHILADELPHIA—7 Bala Ave., 
MOhawk 4-9722, Bala Cynwyd 


LOS ANGELES— 7666 Telegraph Rd., 
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SAE Members 


continued from p. 114 


STEPHEN C. DaCOSTA has joined 
the editorial staff of Car Life magazine 
as technical editor. Previously he was 
New York editor for Motor Trend. 


CHARLES M. CHODASH is now a 
mechanical engineer for General Elec- 
tric Co.’s large steam turbine depart- 
ment in Schnectady, N. Y. Formerly 
he served their distribution trans- 
former department in Pittsfield, Mass. 
as mechanical engineer. 


J. V. TIERNEY, JR. has been ap- 
pointed to the newly created position 
of manager of quality assurance for 
Battery Division of Globe-Union, Inc. 
Formerly he was supervisor of the elec- 
trical unit of body quality section for 
Ford Motor Co. 


BENJAMIN T. HILL, JR., formerly 
sales representative, is now assistant to 
vice president in charge of sales for 
Allegheny Ludlum Steel Corp. 


GORDON M. PFEIFFER, previously 
assistant zone manager, is now zone 
manager for Chrysler Corp. of Canada, 
Ltd 


wz? 
son somal (if Weather 
COOLING 


RADIATORS 


Over 30 years of specialization 
and engineering research have 
produced a radiator and core 
proved dependable under all 
conditions. 


ALL-COPPER CORES and TUBES 


double-lock seamed give greater 


We Vuvite 


INQUIRIES 
ON 


Complete Radiators 
FOR ALL 
INDUSTRIAL 
APPLICATIONS 


strength and eliminate danger 
of rusting 


l-piece upper-and-lower-tank 
brass stampings for POSITIVE 
PROTECTION FROM LEAKAGE 
AND VIBRATION ... 


Large tube area for EFFICIENT 
COOLING IN ALL WEATHER, all 
driving conditions . . . 


GUARANTEED 
against defects in materials and 
workmanship. 


WRITE TODAY FOR DETAILS 


PCO VUE VGH) 


2901-17 INDIANA AVE. 


Manufacturing Co. 
CHICAGO 16, ILLINOIS 


LENNARD BROWN, previously ac- 
cessory design engineer at Cincinnati, 
is now design engineer at Erie, Pa. for 
General Electric Co. This is the first 
of three assignments Brown will have 
in General Electric’s Locomotive, Car 
and Equipment Division. The assign- 
ments are designed to acquaint him 
with the locomotive field and the re- 
maining two will be in the Control De- 
sign and Motor Engineering Sections. 


EMMET C. MOYNIHAN, JR. has be- 
come area product engineer in Detroit 
for Chevrolet Motor Division, General 
Motors Corp. Previously he was resi- 
dent product engineer at Buffalo, N. Y. 
for Chevrolet Motor Division. 


W. MARTIN-HURST has joined The 
Rover Co., Ltd. in Warwickshire, Eng- 
land as executive director of produc- 
tion. Previously he served Teddington 
Aircraft Controls, Ltd. as managing 
director. 


GEORGE E. STANTON, previously 
project engineer, is now chief project 
engineer for aircraft wheel and brakes 
at Bendix Products Division, Bendix 
Aviation Corp. 


THOMAS E. DUFFY has joined Con- 
vair Astronautics as design engineer. 
Previously he served Chrysler Corp.'s 
Central Engineering Division as prod- 
uct design engineer. 


GEORGE S. ALLIN, JR. has joined 
Northwest Engineering Co. as assistant 
chief engineer. Previously he served 
J. I. Case Co. in a similar capacity. 


WALTER R. OPEL has been ap- 
pointed chief engineer at The Cross 
Co. He was most recently engineering 
manager. 


FORREST D. GUNDERSON, JR., 
previously manager of quality control, 
is now manager of production control 
for Westinghouse Air Brake Co. 


EDWARD E. MALLOY has become 
service engineer with Chevrolet Motor 
Division of General Motors Corp. For- 
merly he served General Motors as 
contact engineer. 


CARL R. PISERCHIA has joined 
Machlett Laboratories, Inc. as produc- 
tion engineer. Formerly he was man- 
ufacturing engineer for Radio Corp. of 
America. 


TOM K. BARTON has become senior 
test engineer for Mack Trucks, Inc. 
Previously he was chief test engineer 
for Curtiss-Wright Corp. 


ROLAND J. FERNEKES has joined 
Lander, Frary & Clark as manager of 
manufacturing engineering Previ- 
ously he was chief product engineer for 
Midland-Ross Corp. 


J. J. SCOTT is now chief develop- 
ment engineer for Bound Brook Oil- 
Less Bearing Co. Previously he was 
district sales manager in Detroit. 

continued on p. 119 
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New Eaton Process Cuts Costs 
of Alloy-Faced Valves 


The new Eaton ECONOSEAT process of applying heat resistant 
and corrosion resistant material to valve faces makes possible a 
worthwhile reduction in the amount of costly protective alloys 
required. 


If you have hesitated to use high-alloy-faced valves because of 
cost—or are now using valves conventionally faced and are in- Call on Eaton engineers to dis- 
terested in reducing costs—you will want complete information cuss with you the possibilities of 
about the advantages of Eaton ECONOSEAT Valves. Eaton engi- applying he SLANSUSEN: process 


; ; : Ree ga to parts, other than valves, re- 
neers will be glad to consult with you without obligation. quiring protective coatings. 


VACVE BEVIGIQR Ct’ 
MANUFACTURING COMPANY 
BATTLE CREEK, MICHIGAN 


PRODUCTS: Engine Valves * Tappets * Hydraulic Valve Lifters * Valve Seat Inserts * Gears * Hydraulic Pumps 
Truck and Trailer Axles * Truck Transmissions * Permanent Mold Iron Castings * Automotive Heaters and Air Conditioners 
Fastening Devices * Cold Drawn Steel * Stampings * Forgings * Leaf and Coil Springs * Dynamatic Drives and Brakes 
Powdered Metal Parts * Variable Speed Drives * Speed Reducers °* Differentials * Centralized Lubrication Systems 
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The challenge of new and unusual problems is of con- 

5 | © diffi | tinuous interest to Aetna design and application engineers. 

0 ving i icU t Their readiness to accept the difficult has established Aetna 

° e as a leading source for specially engineered or hard-to- 
Bearing and Special make bearings, and hardened and ground precision parts. 
Whatever your problems may be, the Aetna engineering 

facilities for design and application are available to assist 


Parts Problems _ you. Why not outline your anti-friction or parts problems 


for Aetna study, consideration, and recommendations on 
how to best achieve operational efficiency and long life 


an Aetna Specialty expectancy in your products. 


rs eal AETNA BALL and ROLLER BEARING COMPANY | 4600 SCHUBERT AvE. 
DIVISION OF PARKERSBURG-AETNA CORPORATION | CHICAGO 33, ILL. 
ANTI-FRICTION SUPPLIERS TO LEADING ORIGINAL EQUIPMENT MANUFACTURERS SINCE 1916 
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GEORGE E. ROWBOTHAM has 
joined American Machine & Foundry 
Co. as standards engineer in Stamford, 
Conn. Formerly he was standards en- 
gineer for Teleflex, Inc. at North Wales, 
Pa. 


JAMES C. PORTER is now head of 
the mechanical section at the Research 
and Engineering Department of Haw- 
thorn Finishing Co., New Haven, Mo. 
Formerly he was section head for Cities 
Service Research & Development Co. 


OLIVER E. RODGERS has become 
manager of Mechanical Research and 
Development Division of Scott Paper 
Co. Formerly he was director of engi- 
neering at Curtiss-Wright Corp.’s Utica 
Division. 


CHARLES C. MUGFORD has been 
appointed district sales engineer at El 
Segundo, Calif. for the Farr Co. Pre- 
viously he was special representative 
for Union Oil Co. of Calif. 


Obituaries CO eatin 
JOHN GRABNER ... (M’23) .. . en- — Wear 


gineer, Automotive Division, Continen- 


tal Motors Corp... . died February 28 | WW Frighow 


. born 1899. 


HARRY E. KARST... (M’45)... 


ange canta aly are solved readily tier 
ee, ie “oneB0W GRAPHITE for rma fatians, 


ply Co., Ltd, and founder of the com- 
pany... died February 4... born 1880. — 


GEORGE JUSTIN MONFORT... 
(M’26) ... retired ... died March 19 

. born 1889 .. . was a past SAE Di- 
rector. 


J. E. PADGETT .. . (M’19) .. . re- 
tired vice-president of Solar Aircraft 
Co... . former president of City Plan- Many standard grades . . . countless specials . . . with 
‘eat aaa hae = wos physicals to match your performance requirements 
oo 2°. enna Bihan exactly. Outline your application for a prompt recom- 
past SAE Director. “ 
mendation. STACKPOLE CARBON Co., St. Marys, Pa. 


ROBERT J. PETERS... (M’19)... 
chief metallurgist of Warner Gear Di- 
vision of Borg-Warner Corp... . died 
February 27... born 1896. 


JAMES M. REYNOLDS... (M’50) 
.. Manager of Sheffield Tool & Gauge 


of Canada, Ltd... . died April 26... 
born 1924. 
ROCKET NOZZLES +» PUMP VANES + TURBINE RINGS » GRAPHITE CHEMICAL ANODES + VOLTAGE 
REGULATOR DISCS + BRUSHES FOR ALL ROTATING ELECTRICAL EQUIPMENT « WELDING & BRAZ- 
ALBERT WHITELAW _.. (M’48) | ING TIPS + ELECTRICAL CONTACTS « CERAMIC MAGNETS « FERROMAGNETIC CORES « FIXED & 
_ . retired executive of Manhattan VARIABLE COMPOSITION RESISTORS . . . and many other carbon, graphite and electronic products. 
Rubber Division of Raybestos-Manhat- 


tan, Inc... . died April 24... born 1899. 
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14 WAYS THE SULIGOWES QUAN was HELPED 


AMERICA’S MOBILE MILLIONS 


Oy 
eiieenes are now used to improve the quality, durability 
and operation of many of today’s automobile parts. They 
also aid in many production processes. Tires slip 

SS easily from intricate molds coated with silicone 
release agents. So do rubber floor mats and radiator hose. 
Silicones are used to make shell molds —<L(Pidkhi jy 
for crankshafts, camshafts, valves. Damped with silicone 
fluid, dashboard Cz instrument needles stay steady 
over bumps. Silicone rubber sparkplug boots resist water, 
ozone, high heat for tens of thousands of miles longer. 

f= Electrically conductive silicone rubber ignition 
wire cores can reduce car radio interference. Silicone 
fluids save power by cutting out the radiator fan at high 
speeds. © ——}The actual foaming of polyether cushion- 
ing used in seats, arm rests and crash pads is closely 
controlled by silicone surfactants. Curiously, silicones 
also prevent foaming of rubber latex used for carpet back- 


Unlocking the secrets of silicones 
Rubber, Monomers, Resins, Oils and Emulsions 


yn Carbide” is a registered trade-mark of UCC. In Canada: 


Division of Uni 


The term “Uni 


Bakelite ¢ yn Carbide Canada Limited, Toronto 7, Ontaric 


ympany 


ing. Beneath many cars, silicone rubber gaskets seal in 
hot transmission fluids, and prevent leakage of oil from 
differentials. Outside your car, silicones are the leveling 
agents for acrylic lacquer. They’re all-weather 
lubricants for weatherstripping, giving longer wear and 
better moisture resistance. And they’re the vital ingredi- 
ents that make car waxes — quick and easy to 
apply and polish. All this for just one industry. Is your 
business getting the most out of silicones? If not, call the 
UNION CARBIDE Silicones Man. Silicones Division, Dept. 
FK-0001, Union Carbide Corporation, 270 Park Avenue, 
New York 17, N. Y. 


UNION 


aN: 1-111) OILICONES 
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Naugatuck PARACRIL OZO 


THE OIL-RESISTANT, OZONE-RESISTANT NITRILE RUBBER 


a oan eimai 


L204 F 


— 


SY 


‘| 
S 


o 
- 


Great new advance 
in wire jacket rubber 


In addition to color, PARACRIL OZO offers such advantages as 


significantly superior ozone resistance 
excellent resistance to fuels, oils, and solvents 
Now you can give your wire and cable jacketing new resistance exceptional abrasion resistance 

to cuts and abrasion, superior resistance to attack by oils and high physical properties 

solvents, outstanding new resistance to weather and ozone @ good flame resistance 


and enjoy all the benefits of color, too 
Try new PARACRIL OZO. See why it offers makers and users of 
i ‘ ; ‘ not only wire and cable jackets, but of rubber products by the 
Color code for fast, unerring identification color for smart cleat 
hundreds a host of valuable new selling possibilities. For more 
' n e nce to call attention to hide to add . . : 
modern appearanc ao - 7 ” information, for samples, for technical assistance with a present 
solid new sales appeal. Because PARACRIL” OZO takes and retains or proposed application, contact your Naugatuck representative 


any color you desire, permanently or the address below today 


Naugatuck Chemical 


Division of United States Rubber Company mecnened Sonaetlien 


Rubber Chemicals - Synthetic Rubber - Plastics - Agricultural Chemicals Reclaimed Rubber . Latices . CANADA: Naugatuck Chemicals Division, Dominion Rubber Co. Ltd. Elmira, Ontario CABLE: Rubexport, N.Y 





THIS IS GLASS 


A BULLETIN OF PRACTICAL NEW IDEAS 


THE UNEARTHLY USE 
OF GLASS 


Some day the stellar equivalent of an 
archeologist will ferret his way through 
space, collecting debris from the sundry 
thrusting out 
pale of gravitation. 

That man is going to find a lot of glass. 

Next to the metals, glass is the basic 
work. Big claim? 


objects we are past the 


f 


material 1OI Spac e 
sig fact 

You can blast glass out at the stars, 
shine the sun at it full open, slide it into 
the cold void of the earth’s shadow, 
plummet it back into the searing atmos- 
phere, recover it from the bobbing waves 
And, all the 


its properties, its dimensions. 


time, glass will hold to its 
integrity, 


You can design glass into 
you can only know the 


a piece ol 
space hardware; 
beauty of this if you have had to design 
around some other material that has in- 
teresting properties but is hard to work 

Glass has hardly any design limita- 
tions. We can mold it, blow it, fuse it, 
press and roll it, etch it, temper it, or try 
controlled tech- 
the shape you 


any of a dozen other 
niques to meet exactly 
want, exactly the size you want, exactly 
the exactness you want 

We have some 60,000 glass formulae to 
select from, so matching your specs on 
prope! ties 18 a snap 

We have combinations of glasses that 
transmit or attenuate all of the visible 
light spectrum and most of the infrared 
and ultraviolet as well 

We can take a mass of glass yards thick 
and make it as transparent as the objec- 
tive lens on a microscope, as surface per- 
fect as the facet on a ten-carat diamond 

Big claims? Big facts. Radomes, win- 
dows for space capsules, giant mirrors for 
balloon-floated telescopes, electronic com- 
ponents, macro and micro in size 
these are just a few of the things you can 
do with glass... and, with all that, you 
haven't begun to tap the possibilities 


of glass in space. 
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We have two brochures that tell about 
these properties and design potentials: 
This Is Glass treats of the material itself. 
IZ-1 discusses the applications. Check 
the coupon for copies. 


WE'LL GROW RED ROSES IN 
JUNE, 

JUST YOU AND | UP ON 
THE MOON 


It goes without saying that you cannot 
grow terrestrial plants in a 10°'* mm Hg 
atmosphere . . . but just how high does 
the pressure have to be to bring a plant 
to maturation? What about the effects of 
a lower gravity? What sort and how much 
light will you need to make a seedling 
stir? How about temperature? 

Republic Aviation is engaged in some 
research of this sort, which will form a 
sort of almanac for the lunar farmer. 

We come into the picture with a 
vacuum-tight greenhouse, often referred 
to as a Pyrex brand bell jar. 
serving as the perfect lunar greenhouse, 
it recommends itself on a weight basis. 


3esides 


You might remember this ‘“‘Moon 
Garden” if the time comes when you 
want an environment you can play with 
and observe. Many are the people using 
our bell jars for high vacuum and high 
pressure work, for the creation of an inert 
gas atmosphere; in short, for any work 
where you want to free yourself from the 
deficiencies of the terrestrial atmosphere 


CORNING MEANS 


af 


[] This Is Glass 
Cj 12-1 


[] IR transmitting glasses 
Name 
Company 
Street 


City 


FROM CORNING 


HOW TO SEEK OUT AND HIT 
A MELTING ICE CREAM CONE 
IN THE MIDDLE OF ALASKA 


We make the glass that goes into the 
domes that transmit the infrared waves 
that activate the cunning minds of the 
heat-seeking missiles that go pow. 

Today we make a better IR transmit- 
ting glass than ever before. We call it 
Code 9752. 

A 2mm thickness of this glass will 
transmit 77% at the 4.0 micron wave 
length and 38% at 5.5 microns. Not bad. 

At 600°C there is no transmission loss 
whatsoever at 4.0 microns, only 13% 
at the 5.5 micron wave length. 

Our research people say the glass has 


‘ 
AA 
“good” electrical properties, “excellent” 
weathering characteristics. Our research 
people are known as conservatives. 

In a durability test, we found that 
there was no appreciable transmittance 
loss in 21 days at 95% RH with tem- 
perature cycling from 25°C to 65°C 
twice a day 

Using 
mass produce this glass in a variety of 
hollow shapes and give it an optical fin- 
7” domes automatically 


standard techniques, we can 


ish. We can press 
and make larger sizes to order. Flat 
pieces, 12” square and 1%” thick. are 
being used in the instrumentation field 
for such devices as Schmidt corrector 
plates 

[The coupon offers a bulletin on this 
and two other Corning IR transmitting 


glasses. 


RESEARCH IN GLASS 


CORNING GLASS WORKS, 40 Crystal St., Corning, N. Y. 


Zone State 
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Need Close Tolerance Parts Like These? 


You'll save money if Johnson Bronze 





makes them for you in Powdered Metals 


Making parts like these in powdered metal— 
quickly, economically and in production toler- 
ances of .001 of an inch or closer—is a tradition 
at Johnson Bronze Co. 

That’s why Johnson powdered metals—ferrous 
and non-ferrous—have been in demand for over 
20 years. Quality and dollar-conscious engineers 
know from experience that Johnson powdered 
metal parts consistently meet material quality 


and close tolerance requirements. 

These engineers also know they can rely on the 
experience of Johnson’s complete product design 
engineering service. It’s one of the many bonuses 
from using Johnson powdered metal parts. Here’s 
another: Johnson now can supply powdered metal 
parts up to 4 inches O.D. and 3 inches long. 

If you need any parts like those shown here, 
call, write or wire Johnson Bronze Co. 


See Us at Booth 1531 at Design Engineering Show 


New Castle, Pa. 
West Coast Plant: Oakland 8, Calif. 
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WINDOW REGULATORS 
WINDOW CLUTCH 
STEERING CHAIN 

COOLING FAN DRIVE. 
AIR CONDITIONING 


GAS TURBINES 


REAR-ENGINE DRIVE 


MORFLEX DRIVE SHAFTS 


DAMPENERS FOR FANS 
ACCESSORY DRIVES 


CAM CLUTCHES IN TRANSMISSIONS 


DROP BOXES ETC. 
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HOW MORSE 
HELPS ENGINEERS 
MAJOR IN 
IMAGINATION 


Let your imagination go! Design your power 
drives the way you think they should be 


For, no matter what type of drive you. come up with, chances are 
that Morse will have the equipment to implement it. And the 
know-how to help you perfect it! 

It’s true for accessory drives—for windows, fans, seats and the 
like. It’s true for timing chains, the field which Morse has always 
led. And, now it can be true even for turbine engines. 

Morse’s business is the complete power train—basic drives, speed 
reducers, couplings and clutches. It offers each of these in a variety 
of types and sizes no other single source can match. It offers them 
singly or in combination. Literally, Morse can help you design— 
and then supply—systems that deliver power to everything from a 
car window to an oil rig! 

So let your imagination go. Let the Morse man help you find a 
better way. Call him, or write: Morse Chain Company, Dept. 12-60, 
Ithaca, N.Y. Export Sales: Borg-Warner International, Chicago 3, 
Ill. In Canada: Morse Chain of Canada, Ltd., Simcoe, Ontario. 
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A BORG-WARNER INDUSTRY 
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BASIC DRIVES . . . Roller Chain, Silent 
Chain, Exclusive Hy-Vo*, ‘‘Timing’’* Belts 
and Sprockets. 


. nS - % ee re eo * 
SPEED REDUCERS ... Eberhardt-Denver 
‘“‘RW'’ PoweRgear® Reducers, Gear- 
motors, Conveyor Drives, Miter Boxes, 
Worm Gear Reducers, Helical Reducers. 


aie 4 cee. 
COUPLINGS .. . Flexible Roller and Silent 
Chain, Morflex, single and double; and 
Morflex Radial and Marine. 


BS ' 
CLUTCHES... Morse Cam (Over-Running, 
indexing, Back Stopping), Pullmore, Over- 
Center, Torque Limiter, and Centrifugal. 


ONLY MORSE 
OFFERS ALL 4 


POWER DRIVE 





continued from p. 96 
at an annual cost of about 1% of the 
cost of the car. 

The average motorist thinks short 
trips and “engine never gets really hot” 
represent easy service, whereas it is 
severe service from the standpoint of 
wear. For this reason, a time basis 
would seem to be more foolproof than 
a mileage basis. The median driver 
covers 625 miles per month with a 
median trip length of 3.8 miles. This 
represents 165 trips a month, or be- 
tween 5 and 6 trips per day. The typi- 
cal driver’s oil will reach 0.5 base 
number in about 900 miles and under 
unfavorable conditions in about 625 
miles, or the median monthly mileage. 

If oil changes were scheduled on a 
monthly basis, it would mean short 
mileage drain periods to the short trip 
driver, while permitting a 2000-mile 
drain period to the extended trip 
driver. For the commuting driver who 
drives to and from the train five days a 
week and makes only short trips on the 
week end (about 400 miles a month), 
the recommended drain period would 
probably be every two months 

If the objective is to establish an oil 
drain period that will protect substan- 
tially all drivers, then the recom- 
mended mileage would have to be 700 
However, used oil samples show that 
the longer the trips, the longer the base 
number lasts and, accordingly, 2000 
miles is not an unreasonable period for 
favorable driving conditions. 


Factors Making for 
(OPERATING COSTS) 


BASED ON CONSTANT 
SPECIFIC ENGINE PRICE 
AND AIRCRAFT IS OPTIMISED 
FOR EACH ENGINE CASE -——— 
— 
penance 
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HIGH PRESSURE RATIO 
AIR COOLED BY- PASS 


AELATIVE | | ENGINE 16:1, 1@30°F 
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SILENCED TO NEW 
BLA REQUIREMENTS 


BY-PASS RATIO 


Fig. 1 — Operating costs for a 1000-nautical-mile stage plotted against bypass ratio indicate the 
optimum ratio to lie in the range 0.7-1.05, depending upon noise requirements. The advantage 
of mixed exhaust is also shown. 











~ 


Bypass Engine Efficiency 


A. A. LOMBARD, 
and D. GERDAN, “ 


ORRECT bypass ratio, mixed ex- 

haust, and high turbine inlet tem- 
peratures are three key factors for 
efficient airline engines. 

A plot of direct operating costs 
against bypass ratio for a 1000-nautical 
mile stage is shown in Fig. 1. The 
optimum ratio lies between 0.7 and 
1.05, depending on the noise require- 
ment. BEA have specified for the 
DeHavilland DH.121 a noise level, at 
a point on the ground 2.5 miles from 
the start of take-off, that is 6 db quieter 
than both the Comet 4 and Viscount 
aircraft, both of which have estab- 
lished themselves as acceptable in 
service. It is this value of noise level 
that has been assumed here. 

The curves in Fig. 1 indicate that 
the bypass engine offers a distinct ad- 
vantage over the pure jet, and that the 
bypass ratio should not be outside the 
range of 0.7-1.1, the actual value being 
determined by noise requirement. 


Mixed vs. Separate Exhaust 


The curves also show the advantage 
of mixed exhaust. It would seem that 


there should be only one efflux from 
the engine (also that the whole of the 
air should be taken in in a common 
intake). All Rolls-Royce bypass en- 
gines have a bypass duct carrying the 
bypass air to a point rear of the tur- 
bine and directing it into the main jet 
pipe. If the mixing is done efficiently, 
it is possible to get an improvement in 
performance due to the increase in 
propulsive efficiency of a substantially 
constant efflux velocity compared with 
having hot and cold streams at dif- 
ferent velocities. To mix with low 
losses requires low velocities and the 
total pressure of the two streams must 
be sensibly equal. Rig tests indicate 
that in actual practice the losses in the 
mixer can be reduced to a level giving 
an overall improvement of just over 


907 
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Value of High Temperature 


All experience and theoretical studies 
on bypass engines confirm the advan- 
tages to be gained by operating at high 
turbine inlet temperatures. Fig. 2 il- 
lustrates the effect of turbine inlet tem- 


aes 


“PISTON RINGS 


“SEALING RINGS 





perature and bypass ratio on operating 
economics. Note that increasing the 
temperature is progressively beneficial 
as bypass ratio is increased. With a 
pure jet engine there is virtually no 
advantage to be had from high inlet 
temperatures, assuming the engine is 
at the stage where it can be sized to 
suit the application. Naturally, this 
does not apply where an engine is 
undersized in power relative to the de- 
velopment growth of the aircraft. 
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SHORT RANGE TRANSPORT 


VARIATION OF DIRECT OPERATING COST AND NOISE 


RELATIVE NOINSE-Dbs 


Fig. 2— Increasing turbine inlet temperature 
is progressively more beneficial to operating 
economics as bypass ratio is increased. 








Shaft Power Turbine 
Coming Engine for Navy 


COM. A. L. RASMUSSEN, USN 


TORE Y)PROP and turboshaft engines 
seem destined to become the leading 
powerplants for naval aviation. 

The Navy’s most important mission 
is antisubmarine warfare, requiring 
aircraft with long range, loiter capabil- 
ity, endurance, large payload, high reli- 
ability, and a reasonable amount of 
crew comfort. Until now, aircraft with 
reciprocating engines have done this 
job most effectively, but limitations in 
power and “dash” speed capability have 
made this type of engine almost obso- 
lete for antisubmarine warfare. The 
turbojet and turbofan cannot do the 
job satisfactorily because of high fuel 
consumption and poor take-off charac- 
teristics. The turboprop, though not so 
economical as the reciprocating engine, 
provides a logical compromise between 
economy and mission requirements. 

The shaft-turbine is also a better 
match than the reciprocating engine in 
helicopters because its best efficiency is 
realized at a relatively high percentage 
power. Greater power in a smaller and 
lighter package, as well as installation 
adaptability are additional assets. 

Studies have shown the shaft-tur- 
bine to be a logical choice for VTOL 


RECIP TURBO-PROP TURBO-JET TURBO-FAN 
Sea Level 325 Knots, N85 


bo THP. WR 


COMPOUND ENGINE 


soe are 


CONSUMPTION 


SPECIFIC FUEL 


THRUST 


and STOL aircraft because it has 43 the 
specific weight of the reciprocating en- 
gine and a high static thrust capabil- 
ity in combination with propellers or 
rotors. Such thrust cannot be realized 
in a comparable jet or fan engine with 
any degree of fuel economy. 

Finally, the shaft-turbine is desirable 
because it permits standardization to 
jet fuels aboard ship and avoids the 
fire hazard of gasoline. 

Fig. 1 shows the sea-level perform- 
ance of typical reciprocating, and high- 
pressure-ratio turboprop, turbofan, and 
turbojet engines. The performance of 
propellered engines is corrected for a 


TURBO-JETS 


TURBO FAN 


TURBO PROPS 


4 5 6 7 
THRUST HORSEPOWER 


Thousand 


propeller efficiency of 85%. Static 
conditions were avoided since actual 
operation at this condition is limited. 

The same comparison for 15,000-ft 
altitude is shown in Fig. 2. Fig. 3 
presents a “canned” antisubmarine 
mission using the assumptions and con- 
ditions as shown. Modern engines 
were selected to give essentially the 
same amount of take-off thrust to the 
aircraft using each type of engine. All 


aircraft have four engines except the 
one using turboprops, which has two. 
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Fig. 1— Specification per- 
formance comparison for 
engines operating at sea 
level. The compound en- 
gine shows a highly desir- 
able low fuel consumption 
at part power. Turboprops 
compare favorably down to 
about 60% of maximum 
power. Fan and jet engines 
show much greater total 
power capacity but also 
much greater fuel consump- 
tion. 


ee 


Fig. 2— At 15,000-ft alti- 
tude, fuel consumption of 
the reciprocating engine 
shows little change, while 
that of the turbines im- 
proves. At higher speeds 
and altitudes, turbines 
would show much improve- 
ment over the reciprocating 
engine. 
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ASSUMED AIRCRAFT CHARACTERISTICS— ee 
TAKE OFF GROSS WEIGHT 
STRUCTURAL WEIGHT 
EQUIPMENT WEIGHT 
CRUISE Yo RATIO 
TAKE OFF THRUST 
ENGINES ------~---~TURBO-COMPOUND, TURBO-PROP, 
TURBO-FAN, TURBO- JET 
CRUISE SPEED-------------~ - 300 KNOTS 


TRUST SPECIFIC FUEL CONSUMPTION | Ib thp-Hr 


THRUST HORSEPOWER (Thousand) 


1200 M.ML CRUISE RADIUS Fig. 3— This canned ver- 
ws - : sion of an antisubmarine 
mission dramatizes the ad- 
vantages of the turboprop 
engine at intermediate 
speeds and altitudes and 
explains why it is most suit- 
able for antisubmarine mis- 
sions and likely to replace 
the reciprocating engine. 
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eee. an exclusive feature of | 


McQUAY 
NORRIS 


Electric furnace phosalloy—a develop- 
ment of McQUAY-NORRIS—is a superior 
metal created to give rings unusual tough- 
ness and tension retaining qualities. Rings 
made of phosalloy stand out because 
they stand up!... Our engineers will be 
glad to tell you more about it. Give us 
a ring. 


A BETTER METAL FOR BETTER RINGS 


McQUAY-NORRIS MANUFACTURING CO. 
ST.LOVIS e TORONTO 





Tips on Making 
High Energy Propellants 


JOHN D. CLARK 


n 


O GET specific impulse — the thrust 
of a rocket divided by the rate of 
consumption of the propellants — pick 
your exhaust products, not primarily 
your propellant. Look at what’s com- 


ing out of the nozzle before worrying 
about what you’re going to put in at 
the other end. 

Specific impulse can be had in grati- 
fying quantities from a system which 
produces large amounts of hydrogen, 
plus a highly exothermic exhaust gas 
to warm it up, preferably one with a 
good R/C» of its own. HF is the ideal, 
but even H,O is not to be despised. 

There are certain things to avoid be- 
cause they won't make a high energy 
propellant. Solid exhaust products, 
particularly carbon, is one. Carbon 
contributes no energy and with an R/Cp 


Save Threading Costs! 


GET YOUR THREADS £z¢e-by fastening with 
PALNUT SELF-THREADING NUTS 


ur Ce ee LS 
turning on unthreaded studs, rods, wire and pins 


a 


Low in price—fast assembly —vibration-proof grip. 
Spring-tempered steel PALNUT Self-threading Nuts apply like 
any ordinary nut with standard tools or high-speed PALNUT 


jd 


magnetized wrenches. Assemble perfectly, even on off-angle studs, 


in confined space, against curved surfaces. Hold tight, seated or 


unseated 


May 


be removed and re-used on same studs. Use on 


any malleable material. 


WASHER TYPE—STYLE SD 


One-piece self-threading 
nut performs functions of 
ordinary nut, lockwasher 
and flat washer. Resilient 
washer base distributes ten- 
sile force, avoids dimpling 
of sheet metal or damage 


to fragile parts. Available 
with large or small base 
diameters; also with 
bonded-in plastisol com- 
pound to seal out water and 
dirt. Stud sizes: Vs", 5/2”, 
%e” and Ye" dia. 


REGULAR TYPE—STYLE SR 


For assemblies where space 
is limited. Uses shorter 
studs, less seating area. 
Internal wrenches may be 
used. Stud sizes: Ys", 5/22” 
and %o6" dia. 


ACORN TYPE—STYLE SC 


Decorative nut covers stud 
ends in exposed areas to 
protect against scratching, 
snagging or tearing. Stud 
sizes: Ve", %2” and Ae” 
dia. 


Write for Bulletin 585-A and Free Samples, stating style, size and application. 


THE PALNUT COMPANY 
Division of United-Carr Fastener Corp 
70 Glen Road, Mountainside, N. J. 


Regional Sales Office: 
730 West Eight Mile Road, Detroit 20, Mich. 


LOCK NUTS and FASTENERS 


of zero it isn’t going to help in the con- 
version of any energy from anywhere 
else. It just goes along for the ride 
and drags its feet. Incidentally, if you 
are burning a hydrocarbon, say, with 
fluorine, add enough oxygen to the sys- 
tem to take the carbon to CO. The 
oxygen and the fluorine arrange a Jack 
Spratt sort of marriage, the fluorine 
going after the hydrogen and the oxy- 
gen going after the carbon, so that you 
get HF plus CO for exhaust gases, a 
high energy release and a good R/C>p, 
and a performance that makes every- 
body happy. 

A second thing to avoid is compli- 
cated (polyatomic) exhaust products. 
Their high energy release is generally 
overbalanced by their low R/C»), so that 
no matter how exotic or expensive the 
propellants that produce them may be, 
the results are generally not worth the 
trouble. 
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Engineering Safety 
Into Highway Design 


JOHN C. MACKIE 


TUDIES of the accident rate on 175 

miles of new expressways and on 
the roads they replaced, show a re- 
duction of 77% in number of accidents 
and 76% in number of injuries, for 
comparable periods of one year. These 
reductions were gained even though 
many of the new expressways carried 
a much larger volume of traffic than 
the old roads they replaced. 

The studies also showed the fatality 
rate on four-lane, divided highways 
without access control to be double 
that on controlled access routes, while 
the accident rate was nearly three 
times as great. On some of the ex- 
pressways without access control the 
accident and fatality experience was 
actually worse than on some two-lane 
roads. 

Although four-lane, divided express- 
ways without access control are capa- 
ble of carrying a much larger volume 
of traffic than two-lane roads, they 
expose the motorist to the same acci- 
dent hazards, at a higher average rate 
of speed, while giving him a false sense 
of security. Consequently, only in ur- 
ban areas or on very rare occasions 
will the State of Michigan continue to 
build four-lane, divided highways with- 
out acquiring right of way for access 
control. 
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for tough valve 


When you’re facing difficult problems involving 
valve gear, the men to see are Chicago’s tappet 
engineers. For, in 25 years of specialization on 
valve train parts, we have encountered and solved 
many problems similar to yours. 


Applications, such as those illustrated, are typ- 
ical examples . . . and the operational records 
established by Chicago tappets of all types in 
more than 25,000,000 engines are the best testi- 
monial to their success in meeting the toughest 
industry requirements. 







Hydraulic Inverted Cup Type Unit 


Dual Valve T-Bridge 
Hydraulic Application 


HEADQUARTERS 


Hydraulic Unit 
on End of Push Rod 


re 


gear problems 


Even when your engine does not present unique 
requirements in valve gear design, checking with 
Chicago can often assure a performance bonus. 
Chicago’s hydraulic tappets, for example, assure 
longer trouble-free life, reduced starting noise, and 
quieter operation. 

For Any Engine 

Car, truck, tractor, diesel... aircraft, outboard, 
power mower, or industrial . . . whatever your 
type of engine, big or small . . . it will pay you 
to consult Chicago’s development engineers while 
you are still in the preliminary design stages. 


puget OP 


Write or wire our Tappet Division today 
Hydraulic and Mechanical Tappets (Barrel or Mushroom Type) of Alloy Steel, Hardened Alloy Cast Iron, 
Chilled Iron, or Alloy Chilled Iron + Push Rods + Adjusting Screws 


V-8 Automotive Hydraulic 
Tappet Application 


THE CHICAGO SCREW COMPANY 


ESTABLISHED 1872 e@ DIVISION OF STANDARD SCREW COMPANY 


2701 WASHINGTON BOULEVARD, 
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AUDIO 


AMPLIFIERS COMMUNICATIONS 


CONVERTERS DATA FLASHERS 
PROCESSING 


GAUGES IGNITION 4 INSTRUMENTATION 


ACHI POWER 
sessokAsy OSCILLATORS _— REGULATORS 
CONTROL SUPPLIES 
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SERVO age SOLID STATE 


ULTRASONICS 
SYSTEMS SWITCHING 


ONE TRANSISTOR — 
HUNDREDS OF USES 


DELCO RADIO’S VERSATILE 2N174 For top per- 
formance in a wide, wide range of applications, depend on Delco Radio's 2N174. 
@ This multi-purpose PNP germanium transistor is designed for general use with 28-volt power supplies, 
and for use with 12-volt power supplies where high reliability is desired despite the presence of voltage 
transients. @ It has a high maximum emitter current of 15 amperes, a maximum collector diode rating 
of 80 volts and a thermal resistance below .8°C per watt. The maximum power dissipation at 71°C mounting 
base temperature is 30 watts. Low saturation resistance gives high efficiency in switching operations. m The 
2N174 is versatile, rugged, reliable, stable and low priced. For more details or applications assistance on the 2N174 


or other highly reliable Delco transistors, contact your nearest Delco Radio sales office. IDE LLCO 


Newark, New Jersey Santa Monica, California Chicago, Illinois Detroit, Michigan 
1180 Raymond Boulevard 726 Santa Monica Boulevard 5750 West 51st Street 57 Harper Avenue A D } O 
Tel.: Mitchell 2-6165 Tel.: Exbrook 3-1465 Tel.: Portsmouth 7-3500 Tel.: Trinity 3-6560 

Division of General Motors ~- Kokomo, Indiana 
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Multiwheeled Vehicles 
Pass the Dream Stage 


TOM EMERSON 


CAC 


mtior 


EHICLES with 50 wheels all receiv- 

ing their driving force from a cen- 
tral powerplant are no longer dreams. 
The LeTourneau off-shore drilling plat- 
form provides an example and demon- 
strates the flexibility of the system. 

The largest of these triangular- 
shaped platforms weighs in the neigh- 
borhood of 8,000,000 lb, yet after being 
towed into position this huge machine 
lowers its three legs to the ocean bot- 
tom and raises itself above the water 
at the rate of 1 fpm. The open truss 
design of the legs offers little resistance 
to wind and wave action and the plat- 
form raises itself above the level 
of anticipated heavy-weather wave 
heights. After the well has been com- 
pleted, the machine lowers itself back 
into the water, using the braking char- 
acteristics of the motors. 

In a still newer development, a 16,- 
000-ft-ton capacity crane is mounted 
on one of the smaller off-shore plat- 
forms. When the operating site is 
reached the legs are lowered to the sea 
bottom, the machine lifts itself approx- 
imately 10 ft above the water, electric 
pumps are started and about 750,000 lb 
of water are pumped into the ballast 
tanks. The water, plus the weight of 
the barge, causes the feet of the plat- 
form to penetrate deeply into the 
ocean bottom. Then the water is 
pumped overboard, the machine rises 
to its desired working height, and the 
crane can pick up its load without 
danger of further penetration. If the 
weight of the boom is ignored, this 
crane is equivalent to one having a 
boom 3 miles long and lifting a 1-ton 
load. 


Spare Space Pilot 
Useless Information ! 


C. J. HECKER 


HE ENVIRONMENT will limit the | §TOLPER STEEL PRODUCTS CORPORATION 


space pilot’s ability to manipulate 
controls, so there is no point in dis- 
playing information he can do nothing 
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about. It will only make him uneasy. 
Display should be limited in number 
and complexity to minimize scanning 
and interpretation, and be similar to 
that used for “inner” space aircraft. 

A space mission will have three 
phases — escape, exo-atmospheric, and 
recovery. Escape involves take-off and 
exit. Tasks during this phase must 
be performed by highly reliable com- 
puters feeding programmed informa- 
tion into an automatic control system. 
The pilot will monitor the progress of 


Know-How 
for 
Hire 


The “know-how” of 
sheet metal design and 
styling — engineering 
and construction — 
manufacture and ma- 
terials. 


the mission and correct deviations 
from the desired program by such 
simple control motions as pushing a 
button or flipping a switch to bring 
corrective forces into operation. 
Vertical orientation, velocity along 
the path, and altitude will determine 
successful exit, and for these conven- 
tional instrumentation will suffice. 
Once the exit phase has placed the 
vehicle in position for successful orbit- 
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7HETHER you are working on a current model or a brand 
new one, it will pay you, as it has so many others, to turn 


your sheet metal design and fabrication over to Stolper. The 


experience acquired in over 50 years will be used to give you 


just what you want. 


Hire Know-How — Call Stolper now 


318 PILGRIM ROAD 


MENOMONEE FALLS (Milwaukee District), WISCONSIN 
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KELSEY-HAYES 


Three-Way Safety Brake System 
with axle-by-axle protection 


REAR WHEEL BRAKES 


ie se 
| Rod 


AIR COMPRESSOR PL 18 AO) 


len eee etiam esa 


PRIMARY UNIT 


ath) 4h 
REGULATOR 


SLAVE UNIT 
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FRONT WHEEL BRAKES 


this new concept 
consists of two 
independent air- 
actuated hydraulic 
systems, both of 
which are operated 
by the master unit. 


If rear hydraulic line or wheel 
cylinder fails—you still have 
full front brakes with their own 


power assist! 


If front hydraulic line or wheel 
cylinder fails—you still have 
full rear brakes with their own 


power assist! 


If air supply should fail—you still 
have direct mechanical actuation 


of full rear brakes! 


Write for “Three-Way Safety Brake 
System” brochure. Kelsey-Hayes 
Company, Detroit 32, Michigan. 


KELSEY 
HAYES 
COMPAINN, 


Automotive, Aviation and Agricultural Parts 
Hand Tools for Industry and Home 
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ing, the problem will be one of naviga- 
tion. Travel during this phase will be 
under automatic control, the pilot 
monitoring the performance. 

During this phase of flight, the pilot 
will be expected to make radio link 
reports of scientific data, taken from 
auxiliary measuring equipment, and 
of visible phenomena taking place out- 
side the vehicle. He'll be pressed for 
time and for this reason indications 
of required control must be obvious 
and clear, and the means for control 
kept simple. 

The entry stage of the recovery 
phase is the most critical in the entire 
flight profile. There will be no more 
than 20 min in which to: 

1. Align the vehicle precisely with 
the orbital path. 

2. Establish the correct nose-up at- 
titude for firing the retro rockets to 
slow the vehicle. 

3. Change the pitch attitude for the 
correct re-entry angle to within + %4 
accuracy and start on the re-entry 
stage. This accuracy is needed to stay 
within thermal and structural limits 
of the vehicle. 

A three-axis indicator can be used 
to monitor these maneuvers. Then, 
once the vehicle is within the atmos- 
phere, conventional display and sen- 
sors can be used for control during the 
approach and landing phase. 
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Metallic Tracers Tried 
To Clock Lube in Exhaust 


R. Bryan, J. C. Neerman, 
E. Hinsch 


F. 
J. 


O DETERMINE how much lubricant 

is coming through in the exhaust of 
a car or truck engine, Ford has already 
tried out a new method in principle. It 
consists of tracing a lubricant additive 
through the engine and detecting it 
quantitatively in the exhaust. 

In this system, an alkali metal is de- 
sirable as the tracer element. It is de- 
sirable because the requirements dic- 
tated that the tracer element: 


e Could not be purely hydrocarbon 
in nature, since the molecular species 
derived from the lubricant are not dis- 
tinguishable from molecular species of 
a fuel after both have been subjected 
to combustion. 

e Should not be a component of the 
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engine fuel or air. 

e Should be detectable in very low 
concentrations. 

Preliminary calculations in arriving 
at this system indicated that 0.5% by 
weight of tracer metal in the lubricant 
should be measured in automotive ex- 
haust by means of flame photometry. 

When the oil consumption of an en- 
gine is assumed to be about 1 g per min, 
the tracer would be emitted at the rate 
of about 0.005 g per min... . If it is 
also assumed that exhaust flow is about 
50 cfm, approximately 1700 ¢ of ex- 


Rockford 
Clutches 

For 
Dependable 
Performance 


ROCKFORD CLUTCH DIVISION 
CRONIN reang 


316 CATHERINE STREET 


, 2 ARMOR PION NMRA kB aia 


haust would be emitted each second. 
Concentration of metal in the ex- 
haust stream, therefore, would be 
around 3 parts per million. Since so- 
dium is known to be detectable to 0.01 
part per million in flames when the 
sample is introduced in the form of 
aqueous mist, it was reasonable to ex- 
pect to detect 3 parts per million of so- 
dium in exhaust with some degree of 
accuracy. Actually, experiments indi- 
cate that sodium can be detected in 
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Specifically designed to 

meet the requirements of your 
projects. Rockford Clutches 
are longer lasting, require 

less maintenance and have 
proven performance. Write for 


complete information. 
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Reliable positioning of airborne radar 


controlled by new Houdaille Rotary Actuator 


At speeds approaching Mach II, airborne radar must be con- 
trolled quickly and precisely. That’s why Magnavox incorporated 
this Houdaille hydraulic ROTARY ACTUATOR in the radar unit 
they supply for the Chance Vought F8U-2N Crusader. 

Like all Houdaille ROTARY ACTUATORS, this one is light- 
weight and operates at 98% efficiency. Direct rotary motion 
without mechanical conversion provides accurate positioning. 

Close coupling of the actuator saves valuable system weight 
and space. Minimum backlash, low internal leakage and low 
friction insure a highly responsive unit. 

Output torques available to suit your individual requirements. 


Tioudaille S 
ndustries, Inc. _.... 


I 
| 
Buffalo Hydraulics Division | 
| 
I 
os 


Send this coupon for engineering bulletins 
giving performance curves and other data 


| 544 E. Delavan Ave., Buffalo 11, N.Y. Address 


. «+ Specialists in hydraulic damping 
I and vibration contro/ City Zone State 
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exhaust in concentrations of the order 
of 1 part in a million. 

Experience to date indicates, too, 
that potassium or lithium tracers would 
be expected to have nearly the same 
detectabilities as sodium. Rubidium, 
calcium, and strontium should also 
be detectable in quantities of a very 
few parts per million. .. . An optimum 
additive content in the oil would prob- 
ably be a compromise between an 
amount sufficiently large to provide the 
measuring accuracy required, and an 
amount small enough to avoid mal- 
lubrication of the engine. 

In this system, the rate of lubricant 
loss through the exhaust system can be 
nearly instantaneously indicated and 
recorded. In experiments already 
made, the time lag has been about 2 
sec, but no doubt could be reduced to 
less than 1 sec. 


Varied Use Possible 


As systems based on this principle 
are further developed, they could also 
provide a means of studying short-term 
oil consumption characteristics as a 
function of engine operating variables. 
They might also be used to shorten the 
time needed to get oil consumption data 
under any given set of operating con- 
ditions. .. . A rapid method of check- 
ing oil consumption may also establish 
the feasibility of 100% inspection of 
new engines. 


>" order Paper No. 194C . . . 


drawn, see p. 6 


Value Analysis— 
Key to Real Profits 


yas analysis is an organized ap- 
proach to the removal of cost. It 
functions to make a product in less 
time, or less expensive materials, yet 
make it better and capable of giving as 
reliable service as the origina! product. 
It supplements rather than replaces 
cost reduction programs. 

Value is not inherent in anyone's 
product. The cost of producing an 
item does not determine its value. 
Value is set in the marketplace and 
that fact is being brought home by the 
mounting foreign competition. If we 
are to hold our own in world markets 
something more must be added than is 
provided by our traditional know-how 
and the impetus of new skills. Our 
sloppy habits of wartime production 
are still with us and they will not suf- 
fice for a dynamic economy. 


Making Value Analysis Work 


The effectiveness of a value analysis 
program depends heavily on selecting 


continued on p. 141 
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TRANSPORT 
ENGINES — 


Steep-grade transport 


up to 400 HP 


@ Easy Starting - "ir pillars call tdi _— 
@ Reliability 

@ Simplicity | 

@ Smoothness a =a Power for 


extra-heavy 


& Economy loads 


WAUKESHA WAKDBS 
TURBOCHARGED 
DIESEL.. 

Eh MCE UCR Oo 
OA Ua 
PT ae ae ee 


Off-the-highway service Overland freight routes 


WAUKESHA 145-628 erik fel ERY as 


HIGH OUTPUT 


OD Ik abe 
sappy igen id ee TT SCH Aa TL ee ee a) 


268 hp. at 2400 rpm . ee. og * ENGINES 25 ACRES OF Eu a gle 


— 


enn 
WAUKESHA WAKB ‘ 
ae Lie sd 
a Tinta 
EM Ue) 
SLA Ue) 
KR me eee ee 


, 
lute for descriptive literature 


WAUKESHA MOTOR COMPANY 
WAUKESHA, WISCONSIN 


New York e Tulsa e Los Angeles 
Factories: Waukesha, Wisconsin, and Clinton, lowa 
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Geared with Fuller ROADRANGER . « - More Truck Lines, Los Angeles, uses Autocar Model A-102T Tractors equipped with Cummins 
NH-220 Engines and Fuller RA-96 ROADRANGER Transmissions to haul cement, roofing granules and aggregate in the Southern California area. 


More payload, more performance for MORE 


“Our operation takes us through 
parts of the California desert, over 
mountain passes and through Los An- 
geles City traffic,” says Dick Sisemore, 
Partner of More Truck Lines. “To 
obtain maximum performance under 
these conditions while handling 29- 
ton payloads, we specify 10-speed 


semi-automatic RA-96 ROADRANGER 


FULLER 


Transmissions with aluminum alloy 
cases and clutch housings. They’re 
much lighter than any other trans- 
mission in their class, and they’re re- 
liable while handling maximum loads 
over our tough routes. Our drivers 
like them, too, because of the easy 
single-stick operation and short, pro- 


gressive steps between ratios.” 


®- 


The lightest, most compact 10- 
speed transmission in its capacity 
range, the RA-96 weighs only 583 
pounds. Forward speeds average 28% 
steps between ratios, permitting en- 
gines to work in the peak hp range at 
all times. Ask your dealer about Ful- 
ler ROADRANGER engineered to put 


more profit in your operation. 


TRANSMISSION DIVISION 
MANUFACTURING COMPANY 


KALAMAZOO, MICHIGAN 
Subsidiary EATON Manufacturing Company 


Unit Drop Forge Div., Milwaukee 1, Wis. * Shuler Axle Co., Louisville, Ky. (Subsidiary) * Sales & Service, All Products, West. Dist. Branch, Ockland 6, Cal. and Southwest Dist. Office, Tulsa 3, Okla. 
Automotive Products Company, Ltd., Automotive House, Great Portland Street, London W.1, England, European Representative 
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Research and Development at Work 
Heat—the greatest enemy of the brake system—is being brought MIDLAND “ROSS ~— 


under control by advanced approaches to safety in Midland-Ross 


RY 
CORPORATION ‘ex 
laboratories. Here research and development is forging a new 


rr 
safety link to protect automotive America. OWOSSO DIVISION uk OWOSSO, MICHIGAN 


ONE OF THE “400” LARGEST AMERICAN CORPORATIONS 


AIR ‘ AIR : AIR . VACUUM : DIE : CONSOLIDATED 
BRAKES COMPRESSORS CONTROLS POWER BRAKES CASTINGS TRANSPORTATION EQUIPMENT 








... because this cab is 


MOLDED 
FIBER 
GLASS 


This is one of the revolutionary new White 


**5000” Truck Cabs ... damaged when it hit an J 
unlighted flat truck parked on a highway. 

It is made of MOLDED FIBER GLASS, which 
is very tough and highly resistant to impacts. 


That’s why damage was confined to the point 
of impact. 

Headlight and fender were removed, but ad- 
jacent parts were not damaged or distorted. Door 
frame and body frame were not bent, either. 
In fact, the door did not even need refitting. 

As a result, down-time for the cab, from start 
of repair job until parts were ready for painting, 
was a cost-saving four hours. This is another 
major advantage which MOLDED FIBER 





GLASS offers your products . . . besides light Write today for descriptive brochure and 
weight, high strength, no rust, corrosion re- for detailed information on molding your 
sistance, easy moldability to modern designs, designs of MOLDED FIBER GLASS. 


beauty and economy. 


MOLDED FIBER GLASS BODY COMPANY 
4639 Benefit Avenue, Ashtabula, Ohio 
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the right people to run it. They are, 
by definition those with nimble minds, 
open to suggestion, by nature inquisi- 
tive and having a background of ex- 
perience in the areas to be analyzed. 
The team, small in numbers, works on 
approved projects without regard to 
departmental lines, and in some in- 
stances reports to a vice-president with 
the same level of authority as engi- 
neering, manufacturing, and sales. Its 
duties are to break down a product 
functionally with a view to substi- 
tuting, changing, deleting, or redesign- 
ing. The job starts at the drawing 
board where value begins and proceeds 
through acquisition of materials, tool- 
ing, machining, and assembly, at all 
times ferreting out unnecessary costs. 

Value analysis is best applied to ex- 
isting systems, and reductions are best 
accomplished by breaking into areas of 
controlled process. The ground work 
must be firm so that if a project is 
started which requires crossing organi- 
zational lines no organizational prob- 
lems result. An effect program must 
have the team effort aspect in an or- 


THIS ARTICLE... 


. was drawn from material pre- 
sented in a: 


@ Paper “Value Engineering — Key to 
Productivity and Profitability” by 
John F. Prendergast, General Elec- 
tric Co. (Paper No. 182A) 


@ Secretary's report of a production 
panel on Product Evaluation for Cost 
Reduction. This report, along with 
11 other production panel reports, is 
contained in SP-330. 


The panel consisted of: N. E. Kew- 
ley and J. A. Chantry, General Electric 
Co; R. Lay, Cooper-Bessemer Corp.; 
P. Love, Cleveland Graphite Bronze 
Division, Clevite Corp.; W. F. Ruggles, 
Value Analysis, Inc.; M. Shaffer, Euclid 
Division, GMC; Dr. Russell L. Ackoff, 
Case Institute of Technology. 


ganization and the team must be con- 
siderate of other departments, and 
above all, be very diplomatic. 

Although value analysis has a long 
way to go to be universally accepted, 
it has been outstandingly successful 
where it has been practiced. One 
company reports a six-months saving 
of $275,000 in 50 completed projects 
and expects a $10-15 return on every 
dollar spent on value analysis. An- 
other concern reports an actual saving 
of $25.72 for every dollar spent in one 
year. This figures out to a yield of 
$148,000 for every trained value spe- 
cialist on the job. 


To order Paper No. 182A or SP-330 
which material for this article was 
drawn, see p. 6. 
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Working With These Materials 
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finest engines 
in the 
2 to 5 hp. class 


Specify a power plant that matches 
the quality you've built into your 
portable equipment. West Bend’s air- 
cooled, 2-cycle engines are carefully 
erigineered and thoroughly tested to 
provide top performance and cus- 
tomer satisfaction. A wide range of 
factory tested optional equipment 
lets you tailor the engine to your 
exact needs. 


Trouble-free 
reed valves 


Unique design incorporates 
corrosion- resistant valves 
. » » practically eliminates re- 
placement problem. 


SPECIFICATIONS 2. 


TYPE Horizontal or vertical mounting; 
air-cooled; 2-cycle, clockwise or counter- 
clockwise rotation (at drive end). 
MODELS 

SERIES 390 Displacement 3.9 cu. in. 
Rated horsepower 1.6 at 4000 rpm. 
SERIES 580 Displacement 5.8 cu. in. 
Rated horsepower 4.0 at 4500 rpm. 
SERIES 700 Displacement 7.0 cu. in. 
Rated horsepower 5.0 at 4500 rpm. 
IGNITION Wico flywheel type magneto. 
FUEL SYSTEM Float feed carburetor is 
standard; diaphragm type carburetor 
with integral fuel pump is optional. 
VALVES Reed type; corrosion resistant. 


FOR MORE INFORMATION 


Write for colorful illustrated catalog 
on West Bend’s complete line of Power 
Bee engines. Ask about the sample en- 
gine program. 


WEST BEND ALUMINUM CO, 
Dept. 1415, Hartford, Wisconsin 
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New Members Qualified 


These applicants qualified for admis- 
sion to the Society between April 10, 


1960 and May 10, 1960. Grades of 
membership are: (M) Member; (A) 
Associate; (J) Junior. 





Atlanta Section: William S. Gray (J). 


British Columbia Section: Douglas Syd- 
ney Jarman (A). 


Buffalo Section: Franklin A. Higgins 
(M). 


Central Illinois Section: Gail G. Avery 
(J), Stanley Patrick Mallery (A), Al- 
fred H. Thoman, Jr. (M). 


Chicago Section: Carl T. Butler (M), 
Philip E. Cary (M), Joseph Vincent 
Pizzillo (A), Joseph J. Rokos (M), Vic- 
tor P. Vidugiris ‘J), Frederick Karl 
Waechter (M). 


Cincinnati Section: Mel Abrams (A), 
Karl G. Sommer (M). 


Cleveland Section: Donald Francis 
Avila (J), Richard K. Chamberlain 
(M), Richard F. Fitzgerald (M), Frank 
J. Hahn (A), James A. McGowan (M), 
Matthew Pacak (M), David H. Roberts 
(J), Maurice E. Selander (M). 


Colorado Group: Bruce H. Gale (A). 


Dayton Section: Louis F. Bolton (M), 
Albert T. Hart (M), Derrolle E. Haugen 
(J), Robert A. Manogue (M), Vernon 
L. Pickering (M). 


Detroit Section: Jack M. Brandstadter 
(M), David D. Carley (J), Roy D. Cha- 
pin, Jr. (M), Charles J. DeLorean (M), 
Keith R. Deyo (J), E. E. T. Dulfer (J), 
Ricardo Felix Joseph (J), Robert F. 
Keefer (J), LaVerne M. Krieger (M), 
Frank P. Macartney (J), John D. Mall 
(J), John A. McClanathan (M), Donald 
E. McMinn (M), George H. Robinson 
(M), John Serbin (A), Brent D. Sher- 
man (J), Walter J. Simons (M), James 
E. Steele (M), George Steinberger (M), 
Robert William Warnke (J?. 


Fort Wayne Section: Robert O. Baker 
(M), Kjell Pedersen (J), Cecil E. Webb, 
Jr. (M), Gary A. Whitcomb (J). 


Indiana Section: Stanley Davis (M), 
Roger Kendal Easton (J), James L. 
Hoch (J), James F. Stafford (M). 


Metropolitan Section: Albert J. Clancy 
(A), Birger Ganno (M), Emmett Scott 


Harrison (M), William J. Moses (J), 
David M. Roney, Jr. (M), Oliver A. 
Servadio (M), Robert C. Ward (A), 


Stephen F. Wilder (M). 


Mid-Continent Section: W. J. Mocha, 
Jr. (A). 


Mid-Michigan Section: Richard A. 


Murley (J). 


Milwaukee Section: John J. Chyle (M), 
Erwin G. Dueringer (M). 


Montreal Section Charles H. Duff (M). 


New England Section: Joseph McBride 
Harris (M). 


Northern California Section: Lewis C. 
Coffey (M), Roy Harold Kettle (M), 
Paul L. Markowitz (A). 


Ontario Section: George Bethlendy 
(M), Fred W. Hall (A), William Joseph 
Hutchinson (A), Harold Richard Mc- 
Knight (A). 


Philadelphia Section: Harry John 
Baumbach, Jr. (M), Eugene Hindin 
(M), Lloyd William Hurst (M), Terence 
Joseph McCabe (M). 


Rockford-Beloit Section: Roy A. Stone 
(A). 

St. Louis Section: James L. Martin 
(M). 

San Diego Section: Richard Louis 
Kimble (A). 


Southern California Section: Clifford 
R. Adams (A), H. A. Armstrong (M), 
Robert R. Breshears (J), James F. 
Graham (M), Fred L. Hartley (M), Hal 
C. Huffman (M), Raymond H. LaFon- 
taine (A), George Frederic Leonhard 
(J), Normand Earl Westmore (J). 


Southern New England Section: Wil- 
liam H. Burtt (J), Joseph W. Wells 
(M). 


Spokane-Intermountain Section: Don- 
ald Edward Russell (M). 


Syracuse Section: William A. Heater, 


Sr. (M). 
Texas Section: Joseph Ingram (M). 


Texas Gulf Coast Section: John B. Wil- 
liams (M). 


Twin City Section: Ray E. Brown (M), 
Charles E. Grimes (M), Lincoln Hud- 
son (M). 


Virginia Section: Henry Lee West, Jr. 
(A). 


Washington Section: Robert 
Duddy (M), Colin Willmott (J). 


Roger 


Wichita Section: Lester Kenneth Fort- 
ney (M). 


Outside Section Territory: B. J. Green 
(A), Howard B. Herr (A), Rudolf 
Horsch (J), Howard R. Johnson (M), 
James F. Link (J), Ernesto G. Riefkohl 
(A). 


Foreign: Lucien Jean Combes (M), 
France; Subhas Chandra Ghorai (J), 
England; Madhav Narayan Kango (J), 
India; Edmundo B. Lucius (M), Argen- 
tina; D. L. Narasimhan (J), India; At- 
sushi Watari (M), Japan; Maurizio Au- 
gusto Wolf (M), Italy. 
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another mark of reliability 


No matter what trademark you choose from the AMP catalog, you pick a 
mark that stands for reliability. AMPOWER, the latest in the family of 
AMP trademarks, embraces top quality terminals for the larger wire size 
range . . . conforming to NEMA specifications. 


To get the finest electrical/electronic circuit termination products, to get the 
finest application tooling and the surest, most economical route to enduring 
reliability, always specify one of the trademarks of AMP INCORPORATED. 


AMP INCORPORATED 


GENERAL OFFICES: HARRISBURG, PENNSYLVANIA 


AMP products and engineering assistance are available through subsidiary companies in: Australia « Canada « England « France » Holland « Italy » Japan * West Germany 
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Sistas si Moonbat aaa 


> TROMBERG 
CARBURETOR 
SCORES AGAIN 


IN MOBILGAS ECONOMY RUN 


+ Wins Top 4 Positions in Class C + 


During the 1960 Mobilgas Economy Run, 
Stromberg® carburetors proved once again their 
superior ability in delivering maximum mileage. 

In the low-price, 8-cylinder field (Class C), 
the first four cars were equipped with Stromberg 
carburetors: the first- and second-place Plym- 
outh Belvederes, and the third- and fourth- 


Bendix-Elmira 


Eclipse Machine Division 
Elmira, New York 


place Dodge Darts. 

Stromberg carburetors helped a Studebaker 
Hawk to first place and a Dodge Matador to 
second in the low-medium price group (Class D). 

Stromberg carburetors do deliver more 
mileage. The 1960 Mobilgas Economy Run 
proved it again! 
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Applications Received 


The applications for membership re- 
ceived between April 10, 1960 and May 
10, 1960 are listed below. 


Alberta Group: William Walter Bolan 


Central Illinois Section: Willis O. 
Schueth 


Chicago Section: Edward E. Braun, 
James F. Davis, Richard A. Firth, Allan 
L. Freedy, Wayne D. Hendrickson, 
Leonard T. Johanson, A. W. Lawson, 
James W. Mueller, Evan G. Olson, Paul 
A. Sanders, William E. Gaskill 


Cincinnati Section: James T. Dickin- 
son, Thomas J. McGucken, Walter M. 
Posingies, Harry C. Rathkamp, John 
G. Roberts 


Cleveland Section: William C. Dalton, 
Charles H. Junge, Paul E. Perry 


Dayton Section: Joseph P. Pendergast 


Detroit Section: William J. Alford, 
Duncan C. Augustine, Leland W. Beck, 
Colver R. Briggs, William Robert 
Buechler, Donald T. Cantrell, Daniel 
Chapin, Wilfred Clement, Siro Costan- 
tini, Thomas Bruce Dodson, Wayne T. 
Gray, William V. Hildebrandt, Sr., 
Robert W. Himrod, John B. Keir, Serge 
Kulmatycki, Robert D. Lichty, Eric B. 
Lomax, Ear] A. Ludwig, Milton Robert 
Maline, Roy F. Manley, Marvin C. 
Marx. Roger P. Merryman, Jr., Gordon 
Eric Morse, Jack Odgen, Lawrence Glen 
Peck, Gerald R. Petrey, Orville E. 
Phelps, Stephen F. Selby, Michael S. 
Selwa, Everett H. Sharp, Edward J. 
Sheahan, Donald L. Shepard, Glenn 
Walter Steinman, Richard M. Studer, 
Richard L. Suter, Walker G. Thorsby, 
James A. Turck, James E. West, Paul 
Widmer, Harry Charles Moore 


Hawaii Section: Curtis L. Baskin 


Indiana Section: Marvin H. Birling- 
mair, Harold Henderson Dice, Jerry A. 
Dick, Victor N. Farhi, Robert W. Mc- 
Jones, R. W. Oyler, James B. Starr 


Kansas City Section: Theodore F. Bar- 
rett, Clyde O. Johnson, Loren T. F. 
Flynn, Jr., James Leroy Mitchell, Rob- 
ert Arnold Stinson, Ray P. Vaughn 


Metropolitan Section: Lee Ballard, 
Robert E. Buckley, William W. B. 
Crickman, Malcolm D. Earle, Willard 
H. Keeber, Charles Krause, Robert K. 
Polson, F. Henry Rossire, Robert E. 
Ruhfel, Gordon C. Seeler, Kenneth 
Southall, Donald Kenneth Strout, Eu- 
gene C. Taylor, James W. Turner, Lées- 
ter E. Waddington, Charles E. Ziehl 


Milwaukee Section: Edwin Gardner 
Greenman, James E. Hill, Leonard 
Kube, Richard H. Lincoln, Donald G. 


continued on p. 146 
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For greater ease in aluminum drawing 


ask Oakite 


OVER 50 YEARS CLEANING EXPERIENCE « OVER 250 SERVICE MEN « OVER 160 MATERIALS 


Oakite DRAW CLEAN “M” gives 
smooth drawing of aluminum 
—cleans off fast 


Using Oakite DRAW CLEAN “M” lubricant means a lower reject 
rate on drawing and forming aluminum. Reason: It clings to metal 
so tenaciously that pressures of 40 thousand psi, encountered in 
drawing and punching cannot wipe it off. The thinnest film will 
prevent seizure that leads to build-up, galling, and scratching. 

All ingredients are soluble and, at annealing temperatures, 
volatile. This means that while it clings where most compounds 
wipe off, nevertheless, it is most easy to remove when necessary. 
And the residue, if left on, is not harmful to metal or personnel. 

Oakite DRAW CLEAN “M” lubricant offers astonishing savings. 
By diluting with water in ratios as high as 1 to 9 it extends die life 
three times the previous experience. Miscible with both water and 
oil, it is adaptable to any of the following: 


stretch forming tapping 
deep drawing tube bending spinning 
cold heading wet grinding punching 


Oakite Bulletin F-10393 tells you the whole story. For your free 
copy ask your Oakite man or write Oakite Products, Inc., 45B Rector 
Street, New York 6, N. Y. 


it PAYS to ask Oakite 


NT 


Est. 1909 >—< 
’years’ leadership in industrial cleaning 


light stamping 


Technical Service Representatives in Principal Cities of U. S. and Canada 





ACCURATE PRE-FORMING... 


symbol of quality production 


Accurate pre-forming plays an important role in 
developing optimum molding characteristics during the 
manufacture of an exacting rubber product. At PARCO, 
the up to date tools used in pre-forming are 

carefully designed and tooled to produce a 

pre-formed part that fits accurately into the mold cavity, 
assuring the ultimate in product consistency. 


At the same time, the tools used by PARCO in 
pre-forming are designed to expedite free-flow of 
material during the molding process. The entire process 
is conducted with a strict regard for cleanliness 

and exactness. 


This is why, at PARCO, accurate pre-forming is a 
symbol of quality production! 


Send today for your free PARCO Pic-O-Ring desk/wal/ chart 
A must when “O” Rings are concerned. 


pus AND RUBBER PRODUCTS COMPANY 


2100 Hyde Park Boulevard + Los Angeles 47, California 


Applications Received 
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Pohl, Otto H. Scharpf, Lawrence J. 
Slater 


New England Section: Harold J. Jor- 
dan, James C. McEvoy, Chester L. 
Menne., Edward H. Reichel, Thomas M. 
Toppin 


Northern California Section: Wallace 
Calvin Anderson, John H. Goard, K. 
Bertil Klingborg, George H. Robinson 


Northwest Section: Charles Raymond 
Hartford 


Ontario Section: Earl Kitchener 
Brownridge, Frank X. Gregor, Albert 
Michael Hand, Ivor Sidney Piercy, 
Robert Reid 


Oregon Section: Stanley R. Evans, 
Russe] Lowell Madsen 


Philadelphia Section: George W. Knoll, 
Stephen T. Palmer, Jr., Charles H. 
Raches, Jr., Earle C. Smith, Lowell 
Eugene Van Zandt, George E. Watson 


Pittsburgh Section: Joseph M. Krip- 
pendorf 


Rockford-Beloit Section: Robert Lee 
Kantz, Richard C. Zimmer 


Salt Lake Group: Mituo Ikemoto, Rob- 
ert Wallace McNamara 


San Diego Section: Francis W. Blockel, 
Robert Bowen, Peter J. Michos 


South Texas Group: Paul T. Whitmore 


Southern California Section: Donald 
A. Domike, Samuel D. Gray, Jr., Frank 
O. Jappel, Jr., Jeff Moise, William Ed- 
ward Pasley, T. W. Proudfoot, John R 
Singer 


Syracuse Section: James Owen Tennies 


Texas Gulf Coast Section: Frank C 
Sexton 


Twin City Section: Richard Harold 
Lytle 


Virginia Section: Israel Ipson, James 
E. Atkins 


Washington Section: William Hardy 
Risteen, Bart Spano 


Western Michigan Section: Hans-Rolf 
Hertzsch, Donald L. Swords 


Wichita Section: William E. Watts 


Outside Section Territory: Gerald C. 
Crane, Robert E. Huhnke, David E. 
Knapp, William F. Spaeth 


Foreign: Elias Bulba, Israel; Angus 
Cuddon-Fletcher, England; Ernst Karl 
J. Gabner, Germany; Shive Dhan 
Gemini, India; Flaviano Moscarini, 
Italy 
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75-MILLIONTHS OF AN INCH BARRIER 
HALTS METAL MIGRATION 


JUST BENEATH THE FRESH OVER- 
PLATE OF THESE F-M ENGINE BEAR- 
INGS (LEFT) LIES A TENUOUS DIFFU- 
SION BARRIER. Though this film of 


metal is only 75-millionths of an inch 
thin, it stops tin in the overplate from 
migrating into the lining metal beneath. 
Its presence is important to bearing over- 
plate performance, particularly during 
the critical period of engine break-in. 
Maintaining uniform thinness as well as 
uniform composition of the plated barrier 
is most important . . . and most difficult 
to achieve on a production scale. Federal- 
Mogul research has developed a unique, 
extraordinarily precise method for con- 
trolling both the thinness and the metallic 
composition of this barrier, within nar- 
row limits. And the performance of F-M 
engine sleeve bearings attests to the 
success of the method! 


RESEARCH INTO ELECTROPLATING 


problems is a continuing project in the F-M 

laboratories. Unusual precision equipment 

and facilities are employed, many of which 

have been specially designed and engineered 

by F-M to solve problems of sliding-bearing 

application. As a result, Federal-Mogul en- 

gineered sleeve bearings, precision thrust 

washers, formed bushings, and low-cost 

spacers provide the finest pos- 

sible performance character- Have you a problem with bearings, bushings or washers? Are you considering the development or 
istics for any application. redesign of an item of the type shown above? We'll be glad to show you how the job can be done most 


effectively and economically. For information, write Federal-Mogul Division, Federal-Mogul-Bower 
Bearings, Inc., 11035 Shoemaker, Detroit 13, Michigan. 


A ee 3 DIVISION OF 
amameeeenm FEDERAL-MOGUL-BOWER 
rust washers BEARINGS, INC. 
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SILICONE NEWS from Dow Corning 


Hasier Way to Make Prototypes 


4 STEP 1 


Case History: Making 
Hub-cap Embossing Dies 


SILASTIC RTV Molds Strip 
Fast and Easy 


Silastic® RTV, the Dow Corning liquid silicone rubber that vulcanizes at 
room temperature, provides a new and better way to make prototype 
parts. This fluid rubber is easily poured into, over, or around complex 
shapes, and sets up in a short time. The result is a strikingly accurate 
mold, into which you can pour many casting materials such as plaster, 
waxes or plastics. Because Silastic RTV will withstand temperatures up 
to 500 F, many molten metal alloys can also be cast. Silastic RTV strips 
readily from most materials without loss of pattern detail. Here’s how 
one automotive industry supplier — Cadillac Stamp Co. — uses Silastic 
RTV to make templates for hubcap embossing dies. 


Step 1. A wood pattern was machined to the exact configuration of the 
hubcap design. The intricate design requires a material that releases 
easily without loss of detail. Silastic RTV has been poured on the pattern 
to make a “negative” mold. 


Step 2. The Silastic RTV mold is then used to cast a plastic. A “positive” 
image that faithfully reproduces the original pattern results. This image 
forms a template or prototype from which a pantograph-type engraving 
machine can sink dies. 


Step 3. Now we return to the rubber mold, and this time more Silastic 
RTV has been poured into it. A rubber “positive” results. The two 
rubber molds release readily and two exactly matching parts result. 


Step 4. From the rubber “positive”, another plastic image is cast. Silastic 
RTYV strips off easily . . . a crucial factor. The second plastic template is 
now ready for the engraving machine to sink dies. Size is reduced by 
one-half in the process. Note size of finished hubcap. 


STEP 5 


Step 5. Here are all the steps reassembled. Remember — both embossing Is there a way that this easy handling and 
dies were made from one wood original, thanks to Silastic RTV. Through- faithful reproduction can help you? We'll 
out the process there has been no loss of pattern detail ... and exactly be glad to assist in adapting Silastic RTV 
matched dies have been made. to your operations, 


Free Sample. Write on your letterhead for er ee 
data and sample of Silastic RTV. 
silicones 


Address Dept. 8006 Dow Corning CORPORATION 


MIDLAND. MICHIGAN 


ATLANTA BOSTON CHICAGO CLEVELAND DALLAS LOS ANGELES NEW YORK WASHINGTON, DB. Cc. 
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lron-base 
high-temperature alloy 


2142” diameter Titanium 


pe the progress of ai dan 


gas turbine development 


For applications ranging from automotive 
to aircraft propulsion, Wyman-Gordon is 
the world’s largest producer of forged com- 
ponents for the gas turbine industry—tur- 
bine wheels, compressor discs, blades and 
vanes, for stationary turbines, nuclear instal- 
lations, aircraft and missiles. 

Wyman-Gordon’s production experience 
includes forgings of a wide range of metals 
from low-alloy high-strength steels—titani- 
um—intermediate temperature alloys—to 
the super-nickel-base alloys and refractory Su 
metals. Guaranteed minimum proper- ue 
ties assure improved performance and de- 
pendability, and enable designers constantly 
to raise their sights and increase turbine 
capabilities. 


With unexcelled research and production 
laboratories to concentrate on your develop- 
ment problems and with hammer and press ~~. 
capacity unequalled in the country,Wyman- 
Gordon is prepared to serve you in great 
depth at the design, engineering and pur- 
chasing stages of your requirements. 


Nickel-base 
high-temperature alloy 
45” diameter High-strength steei 
520 pounds 19” diameter 
143 pounds 


WYMAN - GORDON 


FORGINGS 


of Aluminum Magnesium Steel Titanium ...and Beryllivzm Molybdenum Columbium and other uncommon materials 


HARVEY ILL. WORCESTER MASSACHUSETTS DETROIT MICH. 
GRAFTON MASS. FRANKLIN PARK ILL. LOS ANGELES CAL. PALO ALTO CAL. FORT WORTH TEX. 





RARE SAND PROVES BEARING DESIGN 
in new 100,000-mile test! 


The automotive shaft bearing above has just completed the 
equivalent of 100,000 miles of dusty backroads travel. For 
hours, it’s been alternately spun and stopped in this special 
mud ... mud composed principally of a rare type of Arizona 
sand, so fine it penetrates almost anywhere water can go. 


The particles of this unique sand are so small that, mixed with 
water, even filtering won’t remove them all. They’re highly 
abrasive, too—so much so that bearing failure quickly occurs 
whenever particles penetrate into a bearing raceway. Though 
several score of spin-and-rest cycles in this bath are equal to 
100,000 miles of heavy-duty use on the road, the BCA bear- 
ings tested on this machine consistently stand up under many 
more cycles, before failure from sand penetration. 


BEARINGS COMPANY Sate 
OF AMERICA 


This test is typical of the many being conducted in BCA’s 
new testing laboratories for BCA customers. Here, and in the 
expanded research laboratories, testing of bearings to exceed 
customer specifications is a daily occurrence. Often test 
equipment is specially built to exactly duplicate equipment in 
the customer’s plant. 


BCA provides a wide range of ball bearing sizes and types 
for nearly every kind of industry. This, plus extensive new 
research, testing, and precision production facilities make 
BCA a dependable source of long-life bearings. 

For information, write Bearings Company of 

America, Division of Federal-Mogul-Bower Bear- 

ings, Inc., Lancaster, Pennsylvania. 


DIVISION OF 
FEDERAL-MOGUL-BOWER 


NEE ALS 
BEARINGS, INC. 
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A product of 


DEL engineering skill 
The new 


Needle Roller Thrust Bearing 


Takes no more space than a washer 


Incorporated race 
Positive needle retention: 
— easy mounting 


Accurate, well-lubricated 
surfaces give positive 
retainer centring : 
ai. — No wear of shafts 


and housings 
(even where not hardened) 


eT. 


\ 


Rugged one-piece 
retainer : 

— Robust construction 
— Precision quality 


SAN 


a 


/ A 
f 


4, 
4 — No overheating 
A) 


SSN 


Pivot-like centre point 
No stray load contact only at needle 
ends : 


components 
— Minimum friction 


— Minimum friction, 
wear and heating 


a eae et ee 


J 
4 
Y 
A 
Y 
4 
4 
| 
| 
A 
4 


> 


Generous lubricant feed 
to contact faces : 
Lubricant cannot wipe 
off, no dry running 
friction : 

— Suitable for grease 
lubrication 

— High speeds without 
heating or wear 


Larger number of 
needle rollers 

— Maximum load 
capacity 

— Maximum resistance 
to load surges 


S.A. des Roulements 133-137, Bd National ; RUEIL-MALMAISON (S.-&-O.) FRANCE 
a Aiguilles Phone : 967-10-15 (+) Cable : Guillarou - Paris 
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WHY BUY METAL YOU DON'T USE? 


Switch to 
Allegheny Ludlum 
Cast-to-Shape Tool Steel 


FORGING 


Stepped-out forging for fabricating 
spinning cone: 2300 Ibs.—$2691 ma- 
terial cost plus cost of machining. 


CAST-TO-SHAPE 


Cast-to-shape spinning cone 1059 Ibs. 
$860.97 Includes cost of the pattern. 


$1,831 Saved by changing to Cast-to-Shape 


Why pay for metal that ends up as chips on your floor ? 
Here are two fine reasons for switching to Allegheny 
Ludlum cast-to-shape tool steels. 
CAST-TO-SHAPE MEANS 
YOU BUY FEWER POUNDS OF METAL. 
Because the tool you buy is closer to its finished shape, 
you obviously spend less money on original metal. 
In the above example, the savings in metal cost alone 
amount to $1,894. 
CAST-TO-SHAPE MEANS 
LESS FINISH MACHINING. 
A casting like that above has only 4% to % inches of 
machine stock on all surfaces, requiring very little 
machining compared to solid chunks. Cast-to-shape 
tooling is especially economical when working with 
intricate shapes. 

Allegheny Ludlum, a tool steel producer who makes 


wew 7270 


ALLEGHENY 


Tool Steel warehouse stocks throughout the country. . . Check the yellow pages 


EVERY GRADE OF TOOL STEEL...EVERY HELP IN USING IT 


cast-to-shape materials, casts them with the same pre- 
cise quality control for which their tool steels is known. 
A full line of cast-to-shape tool steel grades is avail- 
able. You'll find ones with high resistance to abrasion, 
compressive strengths of approximately 400,000 psi, 
easy machinability, hardening with almost no distor- 
tion, toughness, high red hardness, and the capacity 
to take a high polish. 

Find out now how you can cut costs on your com- 
plex tools. Write for FC-4, a 28-page technical dis- 
cussion of A-L’s Forging and Casting Division with 
applications, pattern information, design tips, analyses, 
and heat treating instructions. Or call your nearest A-L 
tool steel warehouse or distributor. 

ALLEGHENY LUDLUM STEEL CORPORATION, 
OLIVER BUILDING, PITTSBURGH 22, PENNA. 
Write to Dept. SA-6. 


LUDLUM 
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were just going along for the ri 


Because of mounting cost conditions, a user of motor-support 
ORIGINAL DESIGN RE-DESIGN ; ; ‘ 
springs asked for a complete design check. Redesigned by 
A.S.C. engineers, required stresses were met by a slight change 
in wire size, allowing a reduction in number of coils from 10 to 7. 
This meant a saving of 70 pounds of material per thousand 
springs. Because of the shorter length of wire, coiling and 
grinding speeds were increased, heat-treating time reduced. 
Saving to the customer+-40%. 

How about the springs you use? A consultation on your 
specifications costs you nothing. Just contact any Division of 
Associated Spring Corporation. For a handy reference to spring 
action, write for ‘‘Spring Design and Selection—in brief.’’ 


10 coils—.120” wire 7 coils—.105” wire 
130 Ibs. of wire per 60 Ibs. of wire per 
1M springs 1M springs 


Associated Spring Corporation General Offices: Bristol, Connecticut 


Wallace Barnes Division, Bristol, Conn. and Syracuse, N. Y Raymond Manufacturing Division, Corry, Penna. Seaboard Pacific Division, Gardena, Calif. 
B-G-R Division, Plymouth and Ann Arbor, Mich. Ohio Division, Dayton, Ohio Cleveland Sales Office, Cleveland, Ohio 
Gibson Division, Chicago 14, lil. F.N. Manross and Sons Division, Bristol, Conn. Dunbar Brothers Division, Bristol, Conn. 
Milwaukee Division, Milwaukee, Wis. San Francisco Sales Office, Saratoga, Calif. Wallace Barnes Steel Division, Bristol, Conn. 


Canadian Subsidiary: Wallace Barnes Co., Ltd., Hamilton, Ont. and Montreal, Que. Puerto Rican Subsidiary: Associated Spring of Puerto Rico, Inc., Carolina, P.R. 
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OIL SEALS 


In Design 
Engineering 


Proper choice of oil seal O.D. material assures longer, more 
positive bearing protection. 


Steel O.D. or Rubber O.D. Oil Seals? 
Careful selection will assure proper 
performance on your application. 


Rubber should be used only for soft 
housing materials such as zinc, magne- 
sium or aluminum. In a molding proc- 
ess, rubber is shaped and sized by heat 
and pressure. These same factors exist 
when a seal with a rubber O.D. is 
applied in a steel housing . . . pressure 
is created by the normal press fit of the 
seal, heat by the location of the seal in 
the unit. Under these near-perfect 
molding conditions, the rubber O.D. 
seal re-forms to bore size, thus causing 
leakage at the bore. 


Steel, on the other hand, should not be 
used in a housing made of soft material. 
In this case, the harder steel would 
tend to reshape the softer housing, 
causing a variety of problems. 


In seals with both rubber and steel O.D.s, 
Garlock offers a complete line of high- 
quality KLOZURE* Oil Seals. They do a 
complete job of protecting bearings, 
sealing in vital lubrication, sealing out 
harmful dirt and foreign matter. Dur- 
ing design, contact your Garlock 
representative for his recommendation 
on the best seal for your application. 
It costs no more to get his suggestions 
on the type of O.D., the seal material 
itself, the type of spring, and whether 
to use an assembled or bonded seal. 
Then, too, a new stocking program 
assures prompt delivery of KLOZURE 
Oil Seals when and where you need 
them. You can draw from over 2300 
stock seals available from 180 national 
outlets, including one near you. 


Find out more by calling the nearest of 
Garlock’s 26 sales offices and ware- 
houses throughout the U.S. and Can- 
ada. Or, write for KLOZURE Catalog 30. 
Garlock Inc., Palmyra, N.Y. 


GA RLOC HK 


Canadian Div.: Garlock of Canada Ltd. 


Order from the Garlock 2,000... two 
thousand different styles of Packings, 
Gaskets, Seals, Molded and Extruded 
Rubber, Plastic Products 


*Registered Trademark 
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Want to save with plastic tools and dies? 


Your EPON’ RESIN tooling 


Tools and dies made of tough but easy-to- 
handle Epon resin can save you up to two 
thirds in time, one third in cost! Your 
tooling resin formulator will show you 
how Epon resin formulations are saving 
time and money—right now—in applica- 
tions such as: 


High-temperature tooling: Metal-forming 
stretch dies that can operate at temperatures 
over 400° F. 


Heated tools: Matched dies, with integral 
heating units, may be made with Epon resin 
formulations for rapid heat-curing of lami- 
nated plastic parts. 


formulator can help you 


Long-lasting metal-forming tools: Castings 
made of formulated Epon resin, mounted in 
a crank press, showed no permanent deform- 
ation after 28,000 compression-shock cycles. 


For tool and die applications, Epon resin 
formulations offer you the following impor- 
tant advantages: 


Excellent tolerance control: Little machining 
and handwork are required to finish Epon 
resin tools because of the material’s excellent 
dimensional stability and lack of shrinkage. 


Outstanding strength: Jigs and fixtures with 
thin cross sections can be built from Epon 
resin-based formulations reinforced with glass 


cloth. The resulting laminate has high flexural 
strength and excellent dimensional stability. 


Easy modification: Tools and fixtures made 
from Epon resins may be quickly and easily 
modified to incorporate design changes. 


CONTACT YOUR 
TOOLING RESIN FORMULATOR 


The combination of resin formulator’s skill 
and application knowledge, backed by Shell 
Chemical’s research and resin experience, has 
solved many important tooling problems for 
industry. For a list of experienced tooling 
resin formulators and additional technical 
information, write to: 


SHELL CHEMICAL COMPANY 


PLASTICS AND RESINS DIVISION 


110 WEST S1ST STREET, NEW YORK 20, NEW YORK 


Central District 
6054 West T 
Chicago 48, lilinois 


hy Avenue 


eveland 


IN CANADA: Chemical Divi 
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East Central [ 


20575 Center Ridge Road 42-76 Main Street IC 


strict Eastern District Western 
442 D 
Downey 


sion, Shell Oil Company 


District 


2wney Avenue 


California 





BENDIX 


STARTER DRIVES 


NUMBER ONE 


OVER 130,000,000 TIMES 


The selection of Bendix* Starter Drives for over 130,000,000 automotive vehicle 
installations speaks for itself on the kind of performance these Drives deliver. They’re 
first choice, too, for aircraft, locomotives, inboard and outboard motors, and earth 
movers. In short, whatever the type of internal-combustion engine, you can start 
it better— more dependably and at lower cost—with a Bendix Starter Drive. 


*REG. U.S. PAT. OFF. 


Bendix-Elmira [3% 


Eclipse Machine Division 
Elmira, New York 
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TOMORROW’S “DREAM” IS OUR JOB TODAY 


There’s more to the car of tomorrow than just futuristic styling! 
Automotive engineers are working constantly to perfect com- 
pletely new power plants—like turbine engines—to achieve yet 
unheard of performance and economy! And they demand bear- 
ings that are as advanced as their thinking. This is no new 
challenge to Bower engineers. Their many original contribu- 


OVER EE 


BEARINGS 


ROLLER 


ROUND-THE-CLOCK DEPENDABILITY is one reason why 
the petroleum industry specifies Bower roller bearings 


2a. 


In 
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tions have helped increase performance and reduce bearing 
failure to a minimum. If your product is one which requires 
advanced bearings today plus realistic planning for the future, 
call Bower. There’s a complete line of tapered, straight, or journal 
roller bearings for every field of transportation and industry. 
Bower Roller Bearing Division, Detroit 14, Michigan. 


DIVISION OF 
FEDERAL-MOGUL-BOWER 
BEARINGS, INC. 


bela 
Per gtr 


LEADING HEAVY EQUIPMENT MANUFACTURERS use Bower REDUCE BEARING MAINTENANCE—Use Bower tapered 
roller bearings—for long, efficient life under punishing loads. and cylindrical roller bearings for your application 





Naugatuck KRALASTIC 


eS ¢ 


GUCRORCACOROGEORAROOOOTOEEEE 


Announcing 
KRALASTIC MH 
...newest in the 
family of 
Design-Engineering 
ABS Plastics 


* HIGH GLOSS 

* EASIER PROCESSING 

* FASTER MOLDING 

* EXCELLENT APPEARANCE 


J 
& ma 





» 
“ 


cen tltls 
Sata <é 


Newest in the constantly expanding family of tough 
KRALASTIC™ compounds, the original ABS resins, KRALASTIC MH 
has been developed especially to meet the requirements of 
those whose operations call for faster production cycles. 

fet with all its ease of processing, it sacrifices none of 
the impact strength which has made KRALASTIC the preferred 
material for hundreds of toughness-demanding applications. 

In addition to its unusual combination of processability 
and impact strength, KRALASTIC MH also offers a high heat 
stability exceeding that of many other plastic materials. And 
its ability to take and hold a high gloss produces a lustrous 


United States Rubber 


Naugatuck Chemical Division 


RUBBER 
KRALASTIC RUBBER-RESINS © MARVINOL 


Akron - Boston - Gastonia - Chicago - Los Angeles - Memphis - New York - Phila 
CANADA: Naugatuck Chemicals - Elmira, Ont. - Cable: Rubexport, N.Y 


“To 


product with strong and lasting sales appeal. 

MH shares with the other KRALASTICS such typical proper- 
ties as wide chemical resistance, unusual ability to withstand 
abrasion, and good electrical characteristics. These proper- 
ties recommend this new material highly for sheet and profile 
extrusions, injection moldings... for a wide variety of prod- 
ucts ranging from appliance housings to shoe heels. 


ee ee eee eee 


Send for further information on the properties and 
application possibilities new KRALASTIC MH offers 


Naugatuck Chemical Division, United States Rubber 


Dept. 6, Elm Street, Naugatuck, Connecticut 


M STREET Name 


VIBRIN POLYESTERS 


Address 





KNOW YOUR ALLOY STEELS... 


This is one of a series of advertisements dealing with 
basic facts about alloy steels. Though much of the informa- 
tion is elementary, we believe it will be of interest to many 
in this field, including men of broad experience who may 
find it useful to review fundamentals from time to time. 


Normalizing Alloy Steels 


There are several forms of heat- 
treatment commonly employed in 
the processing of alloy steels. Each 
in its own way modifies the mechan- 
ical properties and structures of 
steel, and each is chosen with a 
definite objective in mind. The five 
usual forms of treatment are nor- 
malizing, annealing, spheroidize- 
annealing, quenching and tempering, 
and stress-relieving. 

In this particular discussion, let 
us consider briefly the purposes and 
effects of normalizing. 

Normalizing is an operation in 
which the steel is heated to approx- 
imately 100 deg F above the upper 
transformation range, then cooled 
in still or agitated air. The basic 
purpose is to refine the prior struc- 
ture produced by variations in fin- 
ishing temperatures encountered in 
rolling or forging. The structure 
resulting from normalizing, being 
more uniform, will help create im- 
proved mechanical properties when 
the steel is subsequently reheated, 
liquid-quenched, and tempered. 

There are times when large steel 
parts (heavy forgings, for example) 
cannot be liquid-quenched because 
of their size. In cases of this nature, 
the heat-treatment must consist of 
single or multiple normalizing fol- 
lowed by tempering. 

High-temperature normalizing is 
sometimes used for grain-coarsening 


low-carbon alloy steels to promote 
machinability. (In high-temperature 
normalizing, steel is heated to more 
than 100 deg F above the upper 
transformation range.) At times it 
is possible to machine a steel in the 
air-cooled condition, the governing 
factor being the alloy content. How- 
ever, the highly alloyed analyses 
may require annealing or tempering 
after normalizing, to decrease the 
hardness. 

It is essential, when normalizing 
is employed, that free circulation of 
still or agitated air be provided. 
When air-cooling of individual bars 
or forgings is not practicable, the 
furnace charge should provide for 
some means of separation, such as 
racks or spacers. 

If you would care to know more 
about normalizing, or any other 
phase of heat-treating, you are in- 
vited to consult with Bethlehem 
metallurgists. They are always glad 
to give you any help you need. 

And remember that Bethlehem 
makes the full range of AISI stand- 
ard alloy steels, as well as special- 
analysis steels and all carbon grades. 


This series of alloy steel advertise- 
ments ts now available as a compact 
booklet, ‘‘Quick Facts about Alloy 
Steels."’ If you would like a free 
copy, please address your request to 
Publications Department, Bethlehem 
Steel Company, Bethlehem, Pa. 


BETHLEHEM STEEL COMPANY, BETHLEHEM, PA. pte ee: 
Export Distributor: Bethlehem Steel Export Corporatior 
ETHUEHEN 


BETHLEHEM STEEL —ivua 
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Helping solve knotty problems 
is Sealed Power’s business 


Specialized research, engineering, manufac- 
turing, and service. A lot of specialization, 
you may say. It is, but we feel this is the 
way the ball bounces in the ring business. 
The way the ball has to bounce, if we expect 
to continue our historic association with 
engine builders. And we do. 

We take most pride in your assignments 
which have been out of the ordinary. Lick- 


STAINLESS STEEL OIL RING, U.S. PAT. NO. 2,789,872 


ing these problems is what spread the word 
in the industry: “Sealed Power can give you 
production, alright; but if your problem re- 
quires resourceful engineering . . . or appli- 
cation of unusual manufacturing techniques 
. exceptional quality control—these are 
the people to see.” 
This is our reputation. Only by continu- 
ing to solve the knotty ones can we retain it. 


Sealed Power 


Preferred Performance through Engineering and Research 
SEALED POWER CORPORATION, MUSKEGON, MICHIGAN + ST. JOHNS, MICHIGAN + ROCHESTER, INDIANA + STRATFORD, ONTARIO * DETROIT OFFICE + 7-236 GENERAL MOTORS BUILDING * PHONE TRINITY 1-3440 
PISTONS + PISTON RINGS «+ SLEEVES SLEEVE ASSEMBLIES SEALING RINGS FOR ALL APPLICATIONS 


SAE JOURNAL, JUNE, 1960 161 





To fed E 
can make 
the grade... 


AND THEN SOME ¢ 


are tested on grades much more severe than the 
average motorist encounters. They must pass such tests so that all the GM cars equipped with these 
superlative carburetors will always make the grade . . . with plenty to spare! At the General Motors 
Proving Ground, Milford, Michigan, we use the extra steep road inclination shown above to test 
Rochester-GM Carburetor function under an extreme deviation from level. Since this is only one of 
a complete series of quality control and operational tests on Rochester-GM Carburetors, you can 
see why they have won a reputation for reliability and become America’s number one original equip- 
ment carburetors. That’s also why they help you make the grade saleswise ... and then some! 
Rochester Products Division of General Motors, Rochester, New York. 


America’s 

number one 
original equipment 
carburetors 


GENERAL MOTORS 
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| LOAD-LEVELERS 


— Monroe stabilizing units with built-in ride control 
for a level ride under all road and load conditions 


V Do the work of elaborate suspension systems 
—at a fraction of the price. 


V’ Prevent “tail drag”, side sway, and “bottoming” on axles, 


V’ Prevent hard steering and excessive tire wear. 


V Require no service, and don’t interfere 
with under-body servicing. 


V Easily installed as optional equipment 
at factory or car dealers. 


TYPICAL INSTALLATION: Monroe Load-Levelers are — 
installed in exactly the same position and on the — 
same mountings as the rear shock absorbers. They 
automatically compensate for all road and load con- 
ditions, provide maximum stability. 


B ||| ¢ 


MONRO-MATIC SHOCK DIRECT ACTION POWER MONROE SWAY BARS— | €E-Z RIDE SEATS—stand- 
ABSORBERS—Stondard STEERING—The only Specified as standard ard on more tractors 
on more makes of cars truly direct-action Power equipment on 15 makes than all other seats of 
thon any other brand. Steering units available. of passenger cars. this kind combined. 


MONROE AUTO EQUIPMENT COMPANY, once, michigan 


In Canada * Monroe-Acme, Ltd., Toronto 
SVL World’s largest maker of ride control products 


Trademark 
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HOW DOEHLER-JARVIS’ 
DAY-TO-DAY SERVICE HELPS 
MELNOR MASS PRODUCE 
HIGH QUALITY 

LAWN EQUIPMENT 


Melnor Industries, Inc., is the leader in garden sprinklers and 
related hose hardware... items designed to high mechanical 
standards, modernly styled, priced for volume sale. 


From the start, most parts of most items in the Melnor line 
have been die cast by Doehler-Jarvis...for reasons that Melnor 
sums up in the simple phrase, “day-to-day service.” 


But this is a phrase that needs illumination, needs specifics. 


Just what does Doehler-Jarvis include in this “day-to-day 
service” that means so much to die castings customers? As you 
might expect, Doehler-Jarvis provides all customary services, 
such as tapping, drilling, milling and other pre-assembly work. 
Doehler-Jarvis provides important extras, too ... extensive assist- 
ance in parts design, for example, and complete finishing facilities. 
Even sub-assembly may be negotiated, if desired. 


But more important than these is a sort of informal “partner- 
ship for production” ... where key people in D-J keep in daily 
touch with their opposite numbers . . . with D-J’s sales engineer 
coordinating all along the line. Through this mutual understanding 
and interchange of process knowledge, design is continually im- 
proved, costs continually reduced. Often difficulties are antici- 
pated and entirely avoided by the close personal contact that 
exists at all working levels with Doehler-Jarvis customers. 


Pictures at right show some of the points of contact...show 
some of the Doehler-Jarvis facilities that make this unique work- 
ing relationship pay off for Melnor...as a comparable relation- 
ship might for you. 


Doehler-Jarvis 


Division of 
NATIONAL LEAD COMPANY 
General Offices: Toledo 1, Ohio 
Plants at: 
Toledo 
© fe) Grand Rapids 2, Mich. 


Re Pottstown, Pa. 
Batavia, N. Y. 
In Canada: Barber Die Casting Co. Limited 
Hamilton, Ontario 


In Brazil: Industrias Doehler do Brasil, S. A. 
Sao Bernardo do Campo, Sao Paulo 


Close liaison during die design does much to 
keep Melnor’s costs down. At this stage slight 
modifications in die or part often eliminate 
one or more operations. To attain this flexi- 
bility, D-J designs and makes its own dies. 


Coordinated production is achieved simply. 
It’s done by a daily telephone call that estab- 
lishes Melnor’s needs for the next two days. 
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Idea exchange starts early! You are looking in on a tough-minded, 
sharp-pencil work session. At this one, Melnor and Doehler-Jarvis 
decision makers are setting basic production requirements for 


Joint meetings establish production cost limits. 
Then D-J automates to bring costs within re- 
quirements. Ordinarily, automatic tooling is 
developed and made in Doehler-Jarvis’ own 
shops...as was this 12-station, indexing tool. 


Before closing, D-J has its trucks loaded for 
the next day’s delivery and has started pre- 
paring shipments for the succeeding day. 
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moving smoothly. 


a’ sie Ma) 


Two heads have proved better than one in giv- 
ing Melnor products durable low-cost finishes, 
so specialists from both companies confer fre- 
quently. D-J both plates and paints. Modern 
inspection guards finish quality. 


Plant-to-plant delivery is direct and fast. Ship- 
ments to Melnor go in one or more of Doehler- 
Jarvis’ own tractor-trailors, arriving early in 


a new sprinkler model. During production informal meetings 
between individual members of this group will keep production 


Mutual considerations bring packing innovation. 
Until recently, D-J shipments went to Melnor in 
throw-away packages. To save money and time 
at both plants, D-J engineers designed the 
money-saving re-use container above. 


the morning. Coordination is so close that 
neither plant is called upon to carry high parts 
inventories. 





Now you can get standard sizes 
in G/R End Face Seals! _ 


Chicago Rawhide now announces the 
availability of a complete new line of 
Standard End Face Seals to meet the 
widest possible range of sealing re- 
quirements. For sizes or conditions 
beyond the range of Standard End 
Face Seals, C/R engineers will con- 
tinue to cooperate with you on special 
designs. Their experience in sealing 
applications is unmatched — your as- 
surance of getting the correct seal for 
the job. 


Write for your free copy of 
this new C/R Bulletin ———~ CRminbi 


7 “ f © pressures t© 500 psi 

Bulletin EF-100 includes complete en- , © temperatures te S00° 5 
© peripher 
velope space data on C/R Standard © enteral Peed 40 15,000 Fm 
° . ‘ternal p: 

End Face Seals and mating rings to 

, . > . =} . ° él ond short 
help you select the correct size for wr meet the widest posstsie rane”, Pre-*h@ineered 


- ments. Stande, Seoling require. 
your equipment design: — — 


"essures 


2 complete series 


"Oe rings alse eveilable 


@ Size range table in two series — 
long and short — from %4 to 4 inch 


shaft diameter. Special Gud Face Sealy, 


@ Size range table on mating rings. 


YOU Of the right 
’ seal for your jet 


@ Typical seal installations for in- 
ternal and external pressure. CHICAGO Raw 
Special instructions on how to order. 1301 Elston Avenue oe MANUFACTURING Cai 
PANY 


Chicago 22, Minois 


“re 


CHICAGO RAWHIDE MANUFACTURING COMPANY 
1243 ELSTON AVENUE * CHICAGO 22, ILLINOIS 
Offices in 55 principal cities. See your telephone book. 


fie H Di Cc A eC oO $n Canada: Manufactured and Distributed by Chicago Rawhide Mig. Co. of Canada, Ltd., Brantford, Ontario, 
Export Sales: Geon International Corp., Great Neck, New York 
C/r propucts: C/R Shaft and End Face Seals « Sirvene (synthetic rubber) molded pliable 


R AW Ii i D E parts « Sirvis-Conpor mechanical leather cups, packings, boots « C/R Non-Metallic Gears 
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Manufacturers of the big diesel trucks, that must 
stand up under hour-after-hour of gruelling service, 
have learned to rely upon MECHANICS Roller Bear- 
ing UNIVERSAL JOINTS to deliver hundreds of 
thousands of miles of trouble-free service. Because 
MECHANICS JOINTS drive through KEYS—instead 
of bolts—they stand up under punishment that 
shears off other types of fasteners. They are designed 
with less parts and connections for easy assembly 
and servicing—smooth running balance—maximum 
strength with less weight—and long, trouble-free, 
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safe operation. Rugged stamina is just one of the 
advantages you get when you specify MECHANICS 
Roller Bearing UNIVERSAL JOINTS. Let MECHANICS 
engineers help you design this and other competi- 
tive sales features into your product's transmission 
train. 


MECHANICS UNIVERSAL JOINT DIVISION 
Borg-Warner * 2022 Harrison Ave., Rockford, Ill, 
Export Sales: Borg-Warner International 
36 So. Wabash, Chicago 3, Illinois 





wInn ave 


“We have learned to rely on Sharon for 
top quality Stainless Steels” — 7220 oe ise cos pany 


“Modern utensil design calls for real workable stainless steels,” says John Shragg, press room 
~ > . . en . . °° 

foreman at Ekco Products Company’s Massillon, Ohio, plant. “For consistently fine quality, 

he continues, “‘we have found we can always rely on the Sharon Steel Corporation, Sharon, Pa.” 


SHARON Quel STEEL 
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When They Compare for 


Clutch Torque Retention 
-.-- Fleet Operators Switch toa LIPE! 


Torque retention is an important matter 
to the steadily growing body of fleet owners 
who are changing over to Lipe. Their 
every-day experience tells them that Lipe 
Heavy-Duty Clutches mean more miles per 
gallon of fuel... more ton-miles between 


shop-stops ... more capital-equipment-use 


Lipe Heavy-Duty DPB 
Clutches are available in 
single and two-plate types; 
12”, 13”, 14” and 15” sizes; 
with torque capacities from 


300 to 1900 ft.-Ibs. 
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per repair dollar. All because of Lipe’s high 
retention of torque capacity. Why argue 
with these practical men? Give them what 
they want: Lipe Heavy-Duty Clutches, 
either as original or optional equipment. 
Let their growing numbers prove to you 


that the trend is to LIPE! 


A 
471 LAT 
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Here in the adhesives laboratory at Bridge- 
port, Conn., Raybestos-Manhattan engineers 
can solve even your most difficult adhesive 
problems quickly and economically. ‘ 


R/M manufactures a wide range of Ray- 
A D H E S iV = BonpbD* adhesives. For special requirements, 
ad Fe O B L gE NMI Ss R/M will tailor special adhesives . . . designed 


to meet your particular manufacturing tech- 


SS O iV = Dp niques, the demands of the matérials you are 


using, and the service conditions of the’ 
HERE product itself. 
R/M offers these 7 basic classes of ad- 
hesives, coatings and sealers: 


1. Heat-setting synthetic-resin adhesives, coat- 
ings and sealers 


2. Cold-setting synthetic-resin adhesives 


3. Heat-setting synthetic-resin, synthetic-rubber 
adhesives ‘ 


4. Cold-setting synthetic-resin, synthetic-rubber 
adhesives 


5. Rubber-base adhesives 
6. Synthetic-resin sealants and coatings 


7. Epoxy-base adhesives, coatings and sealers; 
casting, encapsulating and potting compounds 


Take advantage of R/M’s more than 20 years 
of experience in the production of bonded 
assemblies and the manufacture of adhesives, 
coatings and sealers. Why not call on Ray- 
bestos-Manhattan engineers today, without 
= + obligation, and ask them to prove how they 
can help you cut costs, speed production, and ; 
simplify fabrication and assembly operations. 





| R/M Bulletin No. 700 contains helpful engi- 
neering information on Ray-BOND adhesives, 
protective coatings and sealers. Write for your 





free copy. 


RAYBESTOS-MANHATTAN, INC. 


ADHESIVES DEPARTMENT, Bridgeport, Conn. + Chicago 31 + Detroit 2 + Cleveland 16 + Los Angeles 58 





170 SAE JOURNAL, JUNE, 1960 











DOT PLuG 





fill holes 
functionall 

and 
A decorative ) 
































Inexpensive DOT Plug Buttons are ideal for covering 
drilled or molded holes in metal or plastic structures 
of all types. Finger pressure snaps them into place, 
spring tension holds them there without rattling even 
under conditions of severe vibration. 


Used as covers for inspection or maintenance - access 
holes, Plug Buttons are easily removed and can be 
re-inserted repeatedly without lessening their 
effectiveness. Used in combination with plastic lens 
inserts, Plug Buttons make excellent indicator-light 
covers. Faceted, Fresnel-type or plain lenses can be 
made in a variety of colors and can be designed to 
show words, letters or symbols, according to the 
requirements of the particular application. 


DESIGN 
NGINEERING SERVICE 


SS Designers, metallurgists and plastics specialists on 
mre - DOT’s engineering staff are equipped to work out 

s.* optimum combinations of metal and plastics to suit 
Sour particular requirements. Hundreds of variations 
in shape, finish and material are possible. 


Se i basic steel or brass Plug Button, for example, can 
“ae ; te parkerized or polished or finished in chrome, nickel, 

, zinc, copper or any of a wide variety of colored 
enamels. Designs can be stamped into the metal 
or molded Lucite lenses can be inserted. 

Nylon, polystyrene or flexible polyethylene Plug 
Buttons can be molded to show trademarks, 
indicator symbols or any other design. 


= rf i ne Engineering Data Catalog, Section D 
Offices In: Atlanta, Boston, Chicago, Cleveland, Dallas, Detroit, 
Kalamazoo, Los Angeles, Louisville, New York, Philadelphia, Syracuse 









STENER COMPANY 


Division of United-Carr Fastener Corporation, Cambridge 42, Mass. 
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Advanced hot gas 
systems delivered 
by AiResearch 


FOR OUTER SPACE, ATMOSPHERIC 


AND UNDERWATER 


STEER/NG 


AiResearch is now in production on 
two greatly simplified hot gas steering 
control systems: a reaction control 
system for outer space flight stabili- 
zation and a hot gas actuator control 
system for terrestrial steering (in the 
atmosphere and under water). 

Both systems eliminate any need for 
pumps, heat exchangers, accumulators 
and other apparatus required in ear- 
lier control systems. And both systems 
utilize hot gas, operating off either the 
main engine or a separate fuel source. 

The gas in the outer space reaction 
control system is fed into a set of noz- 
zles which imparts spin to the missile 
to stabilize its flight through space. 

In the terrestrial hot gas actuator 
control system the gas is fed into an 
on-off controlled linear actuator which 
moves the fins controlling the missile’s 
attitude in the atmosphere or under 
water. This system also utilizes a con- 
cept developed from the AiResearch 
hydraulic “printed circuit.” This 
approach eliminates complicated 
plumbing, thereby decreasing the 
weight and increasing the reliability 
of the system. 


AiResearch is a pioneer, leading developer and manufacturer 
of hot gas systems and other nonpropulsive power systems 
for atmospheric, underwater and outer space missions 
Your inquiries are invited. 


CORPORATION 
AiResearch Manufacturing Divisions 


Los Angeles 45, California * Phoenix, Arizona 


Systems, Packages and Components for: AIRCRAFT, MISSILE, ELECTRONIC, NUCLEAR AND INDUSTRIAL APPLICATIONS 
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MARINE POWER 


“Our sales have increased 
over 500% since we began 
using International engine 
assemblies five years ago’ 
Report from R. C. Bolling, 
President, Palmer Engine Co. 


” 


aan 


wer er rs mee 


CONSTRUCTION POWER 


‘International diesel engines 
meet our standards for ef- 
ficiency, dependability and 
parts and service coverage*’ 
Report from Guy Banister, 
Chief Technical Engineer, 
Barber-Greene Co. 


LEADING ENGINEERS 


choose International Power 


for a wide variety of jobs! 


Efficient and dependable power is assured for 
products of leading engineers, who specify IH en- 
gines for a wide variety of applications. Design 
engineers serve many different industries, but they 
all have one common problem: to find the most 
practical, economical and efficient power for their 
products. If you have the responsibility for select- 
ing the power for your products it will pay you 
to check International engines because— 


FIRST, you have a wide selection of power from 
which to choose—35 engines from 16.8 to 385 max. 
hp—available in gasoline, LP gas, natural gas or 
diesel. 


SECOND, IH engines meet rigid requirements of 
economy and dependability. Millions of hours of 
continuous operation in all parts of the world have 
job-tested International power on every heavy- 
duty application. 


THIRD, your customers never have to wait for re- 
placement parts. International’s world-wide parts 
and service facilities back up your organization 
with fast assistance on power problems. 

Check the complete line of IH engines now, and 
discover the extra selling advantages International 
power adds to your product. Call or write to Inter- 
national Harvester Co., Engine Sales Dept., Con- 
struction Equipment Division, Melrose Park, IIl. 


INTERNATIONAL’ 


International Harvester Co., 
180 North Michigan Ave., Chicago 1, Ill. 
A COMPLETE POWER PACKAGE 





SIMPLIFY ASSEMBLY... 
Retain parts on shafts with slip fit and Loctite 


Designing with liquid Locrire eliminates press fits, shrink fits, broaching, knurling, keyways, 
set screws and pinning ... provides easier tolerances...cuts rejects and rework. 


HOUSING L376 max. +0.0000 
is T375 mia. 0D -1.375 -0.0003 


SEALANT APPLIED 
HERE 
oo 1B 
¢ 2 6250 max. 
S Geza5 min ants 
g £3785 max. ; 


1375 min 
eee SHAFT 


LoctiTE Sealant replaced press fit, opening up tolerances .002 inch on shaft and housing. Rejects 
were cut from 8% to 1% and rework from 20% to 0! Bond to inner race withstands 1000 lbs. thrust 

. equal to the best press fit. Slip fit with Locrrre gives more uniform retention . . . eliminates 
fretting damage due to loose “press fit”? or bearing distortion resulting from tight press fit . 
assures better shaft alignment. Easier tolerances speed assembly. 


Hardened Sleeves Gears and Pulleys Rotors Fans 


Eliminates shrink fit | Eliminates broaching, Eliminates shaft dis- Eliminates set screws 
... mounts hardened knurling, shaft tortion and resulting ...no amount of vi- 
sleeve without pulling distortion. Easier regrinding & straight- bration will loosen 
temper. gear replacement. i 


HII 
ha Y py Ul y) 


LOCTITE Sealant is easy to apply... simple to automate 


LOCTITE is a one-component liquid with the unique property of converting to a tough plastic 
when confined between close fitting metal parts. It does not air dry. It does not require 
mixing with a catalyst and will not spoil on standing in a storage vessel. It comes fully pre- 
pared ...stores for years... hardens only when treated parts are assembled. It forms a 
tough seal that resists heat, oil, water, all common solvents. Parts treated with LocTITE can 
be disassembled by ordinary methods. 


LOCTITE Kit No. 10-10 


Contains 10 grades of Loctite Sealant specially 
put up to assist designers in determining proper 
grade and use of Loctite in product development 
and for general experimental work. By selection 
of proper grade, the designer can apply a pre- 
determined amount of locking torque. 


Write for literature and free sample capsule. 


LOG 7 7 V1 = ‘SEA A ALOT american SEALants C0. 255 Woodbine St., Hartford 6, Conn. 
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The year is 1911. Diamond T Motor 
Truck Company has just built its first 
truck. Like most automotive manufac- 
turers, they have included chassis parts 
by Clark. 


As time marches on and both companies 
grow, they continue to work together. 
Today, they still do. 

In 1960, for example, a number of 
Diamond T’s most popular truck and trac- 
tor models have as standard equipment 
Clark four and five-speed transmissions. 

, Latest development in the cooperation 
between the two companies is use of a 
Clark five-speed constant-mesh transmis- 
sion as standard in several models of 
Diamond T’s sensational new fiberglass 


Tilt-Cab line. 


This transmission makes a major con- 






tribution to the Tilt-Cab tractor’s over-all 
strength, light weight, long life, and safe 
handling. It is quiet-running, smooth, easy 
to operate, rugged and dependable. Dia- 
mond T engineers say they like Clark’s 
fair price, high manufacturing quality, 
rapid and dependable delivery. 

These same advantages are available to 
you. If you’re a trucker, drive the new 
Diamond T fiberglass Tilt-Cab and see. If 
you’re a manufacturer, ask us about other 
Clark transmissions for your truck, tractor, 
or bus. 


CLARK EQUIPMENT COMPANY 
AUTOMOTIVE DIVISION 


Buchanan 5, Michigan 


Hos 


ds 
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Supplying DIAMOND T 
for 50 years has taught us a lot 


















The first Diamond T truck. Built in 1911, it 
included a number of Clark chassis parts. 
Vehicle was in service over 20 years. 

























The latest Diamond T Tilt-Cab truck, a 
model 634CG. Just announced, its power train 
includes, as standard equipment, the Clark 
transmission shown below. 



















YOU COULDN’T HAVE DONE THIS TWO YEARS AGO 


They mold this reverse clutch cone from a phenolic reinforced 
with fibrous glass. Not just an ordinary phenolic, but one of 
the newer Durez phenolics . . . as unlike the plastics of the 
1950’s as are the cars of the two periods. 

It weighs only 4 ounces, yet it can transmit the full power 
of a 1960 engine to a 2'%-ton car. 

This is. but one of many new phenolics for new uses in 
tomorrow’s vehicles. Others: 

Phenolics for service wet on the inside and dry on the 
outside ... hose connectors, for example. 

A medium-impact phenolic for distributor bowls or to en- 
close accessory motors. Or for air-cleaner bowls that don’t 
hum or rattle. 

Reinforced phenolics for oil-pump gears, transmission 
parts—for oil seals, bushings—phenolics that outwear metal 
and cost less. 

An important point to remember 
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When you design for phenolics, you almost always get a 
better part at lower cost ... even though lowered cost is not 
the immediate objective. Savings result from elimination of 
machining and other secondary operations. 

These newer, better phenolic formulations come in many 
combinations of properties to give you variety and versatil- 
ity. More important, Durez can promise uniformity in these 
formulations, so that what works today will work tomorrow. 
Our Bulletin D400 has much more to say on these subjects. 
Write for it. 


DUREZ PLAsTtTics DIVISION 


8106 WALCK ROAD, NORTH TONAWANDA, N. Y. 





Tre 


CHEMICALS 
oe 


HOOKER CHEMICAL CORPORATION 
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the unicyclist’s ability to achieve perfect balance 
is essential to the mastery of his art. So, too, does an air brake system require perfect balance if it is to 
achieve maximum efficiency. Because all Bendix-Westinghouse Air Brake components are designed and 
engineered to work together as a system, they provide the completely balanced operation that means 
more long-range safety, economy, and dependability. That’s why these systems are first choice of the 
nation’s fleet operators and vehicle manufacturers. Good reason for you to make it Air Brakes by 
Bendix-Westinghouse. 


+ o 
SPECIFY COMPLETE AIR BRAKE SYSTEMS BY Beacdixlffestinghoute 





In nearly every field of 


business, there is one leader. 


And he becomes the leader for a 
Very logical FEaASON. Above everyone else, he offers 


more of what the customer wants. The leader in air brake systems—as it 
has been for 37 years—is Bendix-Westinghouse. You have made this so by 
your acceptance of the facts that Bendix-Westinghouse offers... 2 MORE 
experience—over 2,200,000 compressors built since 1923. @ MORE 
research—millions of engineering dollars invested to produce new develop- 
ments and contributions to safer, more dependable braking. @ MORE 
service outlets—a nation-wide network of 450 Bendix-Westinghouse 


distributors complementing thousands of truck dealers ready to serve truck 


Tt 
- 
} 
Hi 
- 
- 
' ‘ 
' ‘ 
' 
3 
? 


operators wherever their rigs may be traveling. @ MORE complete line— 


in fact, the most complete line in the industry, custom-designed and 


SEPLESD Ne PeRe, ye 


tailored to individual job requirements. © MORE acceptance—more 


ee 


trucks travel more miles with Bendix-Westinghouse Air Brakes than with 


all other air brakes combined. @ MORE economy—low operating cost 


eee ee 


ee 


through built-in long life and low replacement cost with our Repair 
Exchange Service. ©? MORE satisfaction—because of top-quality system 
performance and longer service life. These are some of the reasons why, 


in air brake systems, it pays to specify the leader— Bendix-Westinghouse. 


AUTOMOTIVE AIR BRAKE COMPANY 


General offices and factory—Elyria, Ohio « Branches—Berkeley, Calif., and Oklahoma City, Okla 
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Wood Be’ torsion suspension 
by Mather about 475 B. C. 


—__ 


aa Confucius’s contemporary contraption really 





[ps } | 
“Y KP 










a. 


ne 


isn’t confusing. It will work... its design 

i AT A 7 R is based on the proven principles of torsion 
suspension engineered by Mather. 
We have the experienced manpower, the 

Te Ae: research, design and manufacturing facilities to 


help you with your specific suspension needs. 
\ 0 it R Why not put our 50 years of experience to 


; SUSPENSION work. We'll welcome the chance. 
iit MATHER 


THE MATHER SPRING COMPANY 
i 9) ) TOLEDO, OHIO 
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No Fugitive Plasticizers! Seat covers made of Escon polypropylene monofilaments do not emit fugitive plasticizers to 
fog windshields like many other synthetic upholsteries. In addition, these seat covers hold their shape as well as color...won’t 
fade or bunch with repeated use. Other Escon properties include excellent impermeability to odor; good chemical and abrasion 
resistance; low density for more yardage per pound; and high tensile strength. 


Sparks Cost Cuts! Escon exhibits high dielectric Pure Punch Resistance! Some grades of Escon 
strength at all frequencies measured...provides a generous possess greater impact strength and hardness than many 
volume yield...allows finest detail in mold design. This other thermoplastics...desirable properties in such items 
makes Escon ideal for distributor caps, cable connectors and as air-conditioning grilles, heater grids, knobs and closures. 
other under-the-hood parts. Fast production cycles with Escon are another plus value. 


ESCON POLYPROPYLENE SETS A NEW 


Tomorrow’s best-selling cars may well contain parts made of 
Escon. For example, as dashboard panels, its color matching 
qualities with high surface gloss and exact molding detail 
allow new design freedom — not possible with many other ther- 
moplastics. Used for steering wheels, its impact strength and 
rigidity guard against cracking—a big safety feature! Steer- 
ing wheels made of Escon won’t absorb body odors either. 
Other suggested interior uses include kick plates, arm rests, 
sun visors and grilles—just to mention a few. 


The automotive engineer will benefit greatly from Escon since 
ocateina ttt it exhibits heat resistance up to 250°F., and shows resistance 
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STYLE FOR TOMORROW'S CARS 


technical assistance or to orde? 


to oils, acids and solvents. This will make it ideal for many Ang 
As scon, contact the nearest En jay office 


under-the-hood parts. Home Office) 15 West Sist St. Now 
York 19, N. Y. (Other Offices ‘Aboiee . 


7 + . ° > Boston « Charlotte + Chicago « Detroit 
From every angle, Escon promises exceptional benefits. It + Houston + Los Angeles * New Orleans 
» ” . , « Tulsa « Toronto. 
offers manufacturers big economy because polypropylene’s low 
density allows more pieces per pound. It offers car owners new 


comfort and safety features plus new beauty in design. 


TING NEW PRODUCTS THROUGH PETRO-CHEMISTRY 


ENJAY CHEMICAL COMPANY 


A DIVISION OF HUMBLE OIL & REFINING COMPANY 


PLASTICS 
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ANOTHER NEW PRODUCT DEVELOPMENT FROM C/R 





New Wiper-Scraper Seal for Cylinders 





Scrapes off ice, mud, tar — wipes off water, dust, other contaminants 
Now i can etlective exclude dirt and ( ago Rawhide’s SC Wiper-S ipe combination of scraper and wipe Des 
‘ il i Seal combines a spring brass scrape ind l cost is low, assembly simple. Mos a 
inde d S { d ‘ ibb« ember in one’ imy i s the performance contributi 
tions. One compact unit, the C/R S¢ steel shell. The I.D. of the scraper is to the cylinder. The additional value 
Wiper-Scraper Seal does the job. Former! slightly under shaft size to provide a snug longer packing life and increased operating 
4 separate rod scraper had to be stalled fit that wil! remove tar or frozen mud, but dependability with the SC Wipe -Scrapet 
in fron {f the ordinary wiper sea I he it has sufficient play within the shell t Seal will far outweigh the nominal cost 
specia ic! g necess i p Ss erate 4 ft -ce ( ditions I 
; ' a tn . 66h ' For complete information, specifications 
. . So Sone Seven ' es ™ ” ee ee ee ae and standard sizes, write for your copy of 
in expensive installatior Ihe cost is much lower than ar other C/R's new Bulletin SC-100 
¢ 
CHICAGO RAWHIDE MANUFACTURING COMPANY 
Oll SEAL DIVISION: 1243 ELSTON AVENUE * CHICAGO 22, ILLINOIS 
* 


Offices in 55 principal cities. See your telephone book 
In Canada: Chicago Rawhide Mfg. Co. of Canada, Ltd., Brantford, Ontario 
Export Sales: Geon International Corp., Great Neck, New York 
C/R Products: C/R Shaft & End Face Seals « Sirvene (synthetic rubber) molded pliable parts 


TT 


Sirvis-Conpor mechanical leather cups, packings, boots « C/R Non-metall 





c Gears. 
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TANDEM DRIVE AXLES 


“EATON 
AXLE 


The famous name that 
43 guarantees dependable 

performance and 

low hauling costs 





Through half a century, truck operators have learned 
that they can depend on Eaton Axles to deliver the 
kind of performance that keeps trucks on the road, cuts 
operating and maintenance costs, and adds to profit. 





Eaton consistently leads the industry—particularly in 
DOUBLE-REDUCTION AXLES the field of 2-Speed, Double-Reduction, and Tandem 
Drive units—with exclusive advancements which 
enable trucks to haul more legal payload, and add 
thousands of low-cost miles to both axle and vehicle 
life. The rugged stamina and efficiency of these Eaton- 
designed axles have been proven in billions of miles 
of operation in every type of service. 


There’s an Eaton Rear Axle best suited for your hauling 
requirement. Ask your truck dealer to help you 
specify the right one. 






SINGLE-REDUCTION AXLES 





———————— AXLE DIVISION ————____—_—__- 
eo” oR A MANUFACTURING COMPANY 
CLEVELAND 10, OHIO 
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There’s almost no limit 


to the things 


3undyweld is the only 
tubing double-walled 
from a single copper- 
plated steel strip, met- 
allurgically bonded 
through 360° of wall 
contact for amazing 
strength, versatility. 


Bundyweld is light- 
weight, uniformly 
smooth, easily fabri- 
cated. It’s remarkably 
resistant to vibration 
fatigue; has unusually 
high burstingstrength. 
Sizes up to %” O.D. 





‘Bundy can mass-fabricate 


When it comes to mass-fabricating steel tubing into complex shapes, 
the folks at Bundy are specialists. Whether it’s a push rod, a brake 
or fuel line—or a heat choke tube—chances are that Bundy can 
fabricate it better. Here are just a few reasons why: 


Bundywelds Tubing is the original steel tubing double-walled 
from a single steel strip. Its high bursting strength and resistance to 
vibration have made it the safety standard of the automotive indus- 
try. Bundyweld is covered by Govt. Spec. MIL-T-3520, Type III. 


Bundy designers will help you at any stage of product development. 
They may be able to suggest a new “twist” that’ll cut your costs. 


Bundy specialists will mass-fabricate parts to your specifications on 
Bundy-designed fixtures and machines. The unit-cost is low. . . the 
quality high. Got a tubing problem? Better see Bundy first! Phone, 
write or wire Bundy Tubing Company, Detroit 14, Michigan. 





- 
. 





Bundyweld tubing is versatile, as 
demonstrated by this Bundyweld 
collar for an automatic heat choke 







tube. And Bundy is geared to give 1/4x.028 






you mass-fabrication savings, too. 







Can Bundy solve a production bottle- 





neck for you? 


3/8 1.0. ed 7/88 Lene 
heist 





dill MAX, 







There’s no real substitute for 


BUNDYWELD. TUBING 


WORLD’S LARGEST PRODUCER OF SMALL-DIAMETER TUBING ¢ AFFILIATED PLANTS IN AUSTRALIA, BRAZIL, ENGLAND, FRANCE, GERMANY, AND ITALY 


BUNDY TUBING COMPANY «+ DETROIT 14, MICH. + WINCHESTER, KY. * HOMETOWN, PA. 
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Full contact braking surface 
stops heavy vehicles twice as fast 


Today’s heavyweight vehicles need braking power to suit—and you DOUBLE THE TORQUE — Dynamometer test 
made at constant speed 53 rpm, constant 


. . ‘ : iat pressure conditions, brakes applied on 15- 
each of the shoes is forced by hydraulic power against the inside second cycles. Test duplicates operating con- 


get it with B. F.Goodrich Hi-Torque brakes. With these brakes, 
of the brake drum to provide full-circle braking action. Here are ditions of heavy vehicle on long downgrade. 
the advantages: 


@ Stopping distance cut approximately in half compared to con- 
ventional two-shoe brakes tested on identical vehicles and loads. 


44,000 
@ Increased safety and controllability of the vehicle, permitting 4 
faster, more profitable use by the operator... shorter work cycles. -_ 
° 
@ Brake torque is maintained with minimum “fading” because of é 
the non-energized design. g 10000 
Hi-Torque brakes adjust themselves automatically,need no : 
lubrication. Available in sizes from 174” x 4” to 26” x 7”. Brakes i #,000 
can be operated by either air-over-hydraulic or direct-hydraulic 
actuation. Write B.F.Goodrich Aviation Products, a division of #,000 


The B. F. Goodrich Company, Dept. SJ-6, Troy, Ohio. 





Time 6 SECONDS 


B.EGoodrich Hi-Torque brakes 
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OUTSTANDING FEATURES 






FOUNDRY PROCESS 










High Hot Strength 
High Baked Strength 


FOUNDREZ 


7100 Series 


FOUNDREZ 


NDR a 


CO-RELEES | oy MURS 


coRCi ment 
7900 Series 


7 UR TIKI Svvst sity 
FOUNDREZ AND CORES High Tensile Stent 
Powdered 


7500 Series 
COROVIT SELF-CURING Controlled Curing 
7200 Series Accelerator 
REICOTE | see MARS 
7800 Series Coating Speed 


Creative Chemistry... 


Your Partner in Progress FO U NDRY PR O D U at S 
FOUNDREZ Synthetic Resin Binders COROVIT Self-Curing Binders coRClment Core Oils 
CO-RELEES Sand Conditioning Agent REICOTE Sand Coating Agent 
REICHHOLD CHEMICALS, INC., RCI BUILDING, WHITE PLAINS, N.Y. 











Rapid Collapsibility 
Fast Bake 














Excellent 
Sand Conditioning 









Broad Baking Range 
Excellent Workability 





























Granulated 
& Powdered 
Resin 


Oil & 
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FROM AMERICA’S LEADING PRODUCER OF PISTON RINGS... daiaahy A Ad 


STACK-MOLD CASTING 


Molds of carefully-controlled 
green sand are made from the 


pattern plate, and stacked for z = ea - 4 


pouring. In the example shown 
above after shake-out, the cast- 
ings are 6-up in a stack 20 molds 
deep. Typical castings produced 
by this Perfect Circle process 
include piston rings, thrust 
plates, valve lifter facings and 
piston groove inserts. 








Every year, Perfect Circle produces millions of 
piston rings—all made to the exacting specifi- 
cations that have set precision standards for the 
industry. Now, as the result of extensive 
expansion, the modern facilities and metallur- 
gical skills of Perfect Circle are available for 
volume production of superior gray-iron castings 
to your specifications. And, through its advanced 
production techniques, Perfect Circle can bring 
you the finest metallurgical and dimensional 
precision at important cost advantages. Get 
complete information on Perfect Circle 


castings today! 


MAIL THIS COUPON TODAY FOR COMPLETE INFORMATION 


PERFECT CIRCLE CORPORATION 
CASTINGS DIVISION, DEPT. SJ-6 
HAGERSTOWN, INDIANA 


| want to know more about Perfect Circle Precision Castings. 
[] Stack-mold castings (] Whirlcast cylindrical forms 


Name 


WHIRLCAST CYLINDRICAL FORMS Title 
Hot metal is poured into permanent molds, and then spun at 
high speeds to create machineable cylindrical gray-iron cast- 
ings of uniform dimension and hardness, with microstructure 
controlled to exacting specifications. PC Whirlcast products are 
offered in a wide range of sizes and materials, all precision-made 
for fast, economical machining with minimum stock removal. 


Company 
Address 


City 


PERFECT(// CIRCLE 


PISTON RINGS + PRECISION CASTINGS 


POWER SERVICE PRODUCTS - SPEEDOSTAT 
HAGERSTOWN, INDIANA «+ DON MILLS, ONTARIO, CANADA 





wWVOIlTD 
Trends 


Trucks and buses get lower cost per 
mile from American Brakeblok. So, 
make it original equipment on your 
vehicles and win friends. Top quality, 


heavy duty. 


4 ya 


ee A 
INU Se Ga ae 


AMERICAN BRAKEBLOK ~ 


190 SAE JOURNAL, JUNE, 1960 





Packard Wiring Systems 


SAVE 
ASSEMBLY 
OPERATIONS! 


Packard Electric engineers strive continually 
to make their products less expensive and 
faster to install. Now they have made it 
possible for the already efficient automotive 
wiring harness to become an even more com- 
plete sub-assembly. @ For example, the 
dome light of the Corvair is attached to the 
wiring harness at Packard and shipped ready 
to snap into the roof of the car along with the 
wiring. Single terminals are replaced by 
“Snap Fast” multiple connectors, fuse blocks 
and other cost-saving components. e If your 
present wiring harnesses do not include these 
advantages ask Packard Electric engineers to 
help work out modern wiring systems for you. 
Packard Electric, the world’s largest producer 
of automotive wiring systems, has sales and 
engineering offices in Detroit and Chicago. 


Packard | Electric 


Warren, Ohio 
sores 


“Live Wire’’ division of General Motors 
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NEW ACCU-RIDE WHEEL | 





ACCU-RIDE PRECISION BEATS WHEEL BOUNCE & WOBBLE, EXTENDS TIRE & VEHICLE LIFE . 
ACCU-RIDE wheels are truly round ° ACCU-RIDE wheels are perfectly balanced 
ACCU-RIDE wheels are precision-engineered ° ACCU-RIDE wheels cost no more 


MEET THE WORLDS’ FIRST MASS-PRODUCED PRECISION STEEL WHEEL. \s years ahead and it’s made possible only by Firestone’s 
advanced metal-working technology. The Accu-Ride disc whee! is the truest-rolling steel wheel ever made and the only wheel specially designed 
to withstand today’s high-speed, heavy-load operating conditions Accu-Ride precision engineering permits a maximum of vehicle and tire life 
That’s because Accu-Ride wheels are spin-formed for maximum control 

of dimensions, improvement of strength characteristics and perfect HERE’S HOW ACCU-RIDE WHEELS PAY OFF 
balance. Its continuous Thruweld provides a joint twice as strong as 
any other fastening of a rim to a dise. Exclusive Firestone Perma- 
Plate finish beats corrosion. And Accu-Ride wheels are available at 


no extra cost for every truck, bus and truck-trailer on the road. They 





are performance-proved by eight years and 150 million miles of tests. 


For further information on Firestone Accu-Ride wheels—or Firestone  Accu-Ride wheels minimize radial Accu-Ride wheels greatly reduce ’ 
run-out, leap and bounce, elimi- 
nate tire cupping, reduce wear, 
give three times smoother ride 
*Firestone Trademark than out-of-round wheels. to make tires last longer. 


Precision Rims—write, wire or call the Firestone Technical Service tire-wearing wobble (from lateral 


Man at Firestone Steel Products Co., Department 45(7) Akron 1, Ohio. run-out) over out-of-line wheels 


192 SAE JOURNAL, JUNE, 1960 





BOOSTS TIRE MILEAGE t 


\ 


FIRESTONE TIRE-TAILORED PRECISION-CORRECT RIMS MEAN EXTRA TIRE MILES, TOO! 


Firestone’s precision-correct, compression-fit truck and bus rims give 5° Commander: World’s most popular 3-piece rim. Stress-tested, fleet- 

complete support to tires, put full tread width on pavement for maxi- proved. Full bead support, seh base design, continuous side ring, 

mum traction, longer tread life, lower cost-per-mile performance. They full offset. 

ire tailored to make tires fit better and last longer and are available on 

Accu-Ride wheels for both tube type and tubeless tires. All Firestone 

rims are protected with exclusive corrosion-proof Firestone Perma- 

) 

Plate finish FL5° Challenger: Full-offset, work-weight, tube-type rim. Eliminates 
bead chafing, rocking. Will do heavy work usually expected from 


f Z 4 heavier rims. 

: N5° Challenger: Lightest weight tube-type rim made. Weighs up to 10 
lbs. less than comparable rim. 5° bead support reduces tire rocking, 
sidewall flexing. 

. 15° Drop-Center: 1-piece official design for tubeless truck tires. Open- 


5° Commander RHS FLS Challenger NS Challenger 15 Drop-Center fac e mounting ring stops wobble. 15 bead seat on rim and tire 


RH5°: 2-piece disc wheel rim. Continuous side ring, full bead support 
and wide base eliminate rocking, reduce flexing for longer tire life. 


gives true air seal. 


STEEL PRODUCTS COMPANY 
AKRON 1, OHIO 
INTEGRITY, QUALITY, ACCURACY, DEPENDABILITY 
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MEW 
TART T 3 


OFFERS THESE 3 BIG EXTRAS! 


—_— 


ROCKWELL- STANDARD 


-_ 





Proven the most advanced 
brake design in 30 years... 


Outstanding improvements, such 
as a new balanced shoe actua- 


tion principle and 15” diameter, “Fail-Safe” Units... now available © Lightweight and compact .. . no 
p p 9g 9g pa 
have made the Stopmaster for air actuated Stopmaster Brakes. installation problems, no cables or 
Brake the industry’s most effi- © Prevents runaway vehicles due to special brackets required. 
cient and dependable brake. loss of air, when in operation or © Provides mechanical parking brake 
is Ra chindll Sigedeell olen parked. . . . eliminates need for prop-shaft 
offers you these three important ® Positive mechanical operation . . brake. 
extras in the Stopmaster: can be installed to operate from © Brakes easily released . . . without 
5 dash control valve or automatically, air pressure. ‘ 
or both ways if desired. 
Automatic Brake Adjustment . . . available on Lubrication Eliminated. All actuating parts 
I gP 
all Stopmaster Brake sizes for trucks, trailers, and are sealed in lubricant. Standard on all 
off-highway vehicles. models. 
® Eliminates periodic manual adjustment. ® Prevents oil-soaked linings due to over 
lubricating. 


® Cuts expensive maintenance costs. 


. ° ° ° e i 4 
© Brake maintains proper adjustment during Moving parts-last longer. 
entire lining life. ® Reduces friction. 


® Safer operation at all times. © Completely sealed unit reduces effect 
of elements. 


Aprithoe Fhoduil of... ROCKWELL-STANDARD 


CORPORATION 


Brake Division, Ashtabula, Ohio 
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stainless steel 


No other metal has the strength, beauty and 
versatile qualities that serve you so well today 
and promise so much for tomorrow. 


There is nothing like 
stainless steel for 
THE AUTOMOTIVE INDUSTRY 


<< 





McLouth Steel Corporation, 
Detroit 17, Michigan 


Manufacturers of high quality 


: Look for the STEELMARK 
Stainless and Carbon Steels 


on the products you buy 


=, 


MICLOUTH STAINLESS STEEL 








‘79 a ee 
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t 
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‘ 
R/M engineers helped marine transmission manufacturers solve clutch problems for this 55-ft. Chris-Craft Constellation. Twin engines develop up to 550 hp, 


provide speeds to 23 mph; equipped with newly designed hydraulic aluminum marine transmissions with R/M sintered bronze clutch material. 
Photo courtesy Chris-Craft 


How Raybestos-Manhattan helped design 
clutch for new marine transmission 


“The extensive friction material knowledge and experience of 
R/M engineers save us time and money when we are working on 
a new design for a clutch or friction part,’ says Carl Benson, 
assistant manager and chief engineer, Paragon Gear Works, 


Taunton, Mass 


Solve problems on spot 


“In developing our new *‘H-A’ hydraulic aluminum transmission, 
we took an R/M engineer right with us to our customer's engine 
plant in Michigan. We solved our clutch problems on the spot. 


“Our customers appreciate this extra engineering service we can 
offer them through R/M. Wherever we are we know we can pick 
up the phone and have the nearest R/M engineer come to us. We 








get this extra service, yet prices are competitive; quality is uni- 
formly high 


Save time, money 


You may also be able to save time and money by calling on 
experienced R/M engineers to help solve your friction problems. 
You can depend on sound, unbiased counsel on 
the material best suited for your application 
for only R' M manufactures all types of friction 
materials! An R/M sales engineer can be at 
your desk within 24 hours. 


Send now for your free copy of Bulletin 
No. 501—packed with helpful engi- 





neering information on friction materials. 


EQUIPMENT SALES DIVISION 
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Bridgeport, Conn. 


e Chicago 31 -« 


Advanced-design Paragon 
“H-A" hydraulic aluminum trans- 
Chris-Craft 430 
engine which develops 275 hp 
at 4000 rpm. Clutch is self-com- 
pensating; no adjustment ever. 


mission for 


Pencil points to R/M sintered 
metal clutch facing. .015 in. of 
sintered bronze on .070 in. steel 
plate. Has a high coefficient of 
presence of oil; 
strength to withstand 4000 rpm; 
precision operation within nar- 


friction in 


row clearances of .007 to.01 0 in. 


RAYBESTOS-MANHATTAN, INC. 





Cleveland 16 Los Angeles 58 
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| TROSTEL 


A complete producing organization for 
¥OIL SEALS “PACKINGS “O-RINGS 


TROSTEL RUBBER 
COMPOUNDING PLANT 


TROSTEL s 


ce 





Quality in every phase of supply and manufacture is assured 
through Trostel ownership of all essential facilities 


From raw materials to finished product, all key sources of supply and manu- 
facture are Troste! owned and operated. Leather is tanned at the Trostel Tannery. 
Rubber is compounded at the Trostel Compounding Plant. Dies are made at 
the Trostel Tool and Die Works. Three separate Trostel Laboratories conduct re- 
search in leather, impregnations, and synthetics. A pilot plant tests all production 
runs. When, therefore, parts and materials arrive at the point of manufacture 
into seals and packings they are uniformly standard in specifications... Manu- 
facture itself is by automatic machinery in a modern plant, with a quality control 
system that insures close-tolerance accuracy in all operations. Special delivery 
and service are provided by Trostel Aviation . . . we can come to you quickly, or 





bring you to us. CS > PACKINGS 
Trostel control of its products from raw materials to delivery is your guarantee . 

of dependably high quality at all times, on every order. For catalog and technical o ’ OIL-SEALS 

data, write Albert Trostel Packings, Ltd., 500 Madison St., Lake Geneva, Wis. QO : O-RINGS 
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@ each coupon book buys $10.00 worth of 
SAE meetings papers and Special Pub- 
lications; it costs $9.00. Each coupon 
is worth 50¢. 


@ each book is good for a minimum of two 
years. 


@ coupons will be accepted at National 
Meetings or with mail orders for SAE 


meetings papers and Special Publica- 
tions. 


@ coupon books save you time and trouble. 


(It is requested that cash or check accompany your order for cc 


Add 3% city sales tax for deliveries in N. Y. C 


SPECIAL PUBLICATIONS DEPT. 
Society of Automotive Engineers 
485 Lexington Avenue 

New York 17, N. Y. 


Please send me .... SAE coupon books at $9.00 each. (Check) (Cash) for is enclosed. 


Name 





Company Name 





Company Address 
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LONG LIFE PISTON 






. 


QO) 111 TS yoen 


Here’s an entirely new piston design that combines 


oo all the advantages of aluminum alloy pistons with the 
* Low initial cost long life of steel in the top ring groove. No noticeable 
Low cost per mile increase in weight. G and E Wire Insert Pistons are 
real top performers at LOW COST—barely more 
Ama than ordinary alloy pistons! 
* zing increase This Gillett & Eaton exclusive steel wire insert cuts 
in piston life top ring groove wear and greatly increases mileage 
between overhauls. CAST IRON 
. Maintains You get longer piston wear at lower cost because 


Radia Bog! Tereetpees fae ns omer e 
new engine power wire cast right in the piston wall where the top ring 


and performance is located. eee | 











ALUMINUM 





ESTABLISHED 1868 
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A BIG PROBLEM IN CONTROL 
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BLOOD BROTHERS jointed steering assembly guides 





200 


No matter how large the equipment 
you design, there’s a Blood Brothers 
steering or jointed driving assembly 
big enough to do the job. One 
example of the use of Blood Brothers 
components on large equipment is 
the L6S Steering Assembly on the 
LeTourneau-Westinghouse Haulpak 
Coal Hauler. 

This mammoth, highly maneuver- 
able “mountain mover” is a bottom- 
dump 450 h.p. diesel unit that weighs 
37 tons. Yet it carries 24% times its 
own weight in payload, or the equiv- 


giant LeTourneau-Westinghouse coal hauler! 


alent capacity of over one and one- 
half standard 50-ton railroad cars! 
Rockwell-Standard’s Universal 
Joint Division offers you a wide 
range of specialized engineering ex- 
perience—involving everything from 
manual steering assemblies... to 
power take-off drives... to heavy- 
duty propeller shafts. Whatever size 
and type equipment you manufac- 
ture, Rockwell-Standard can save 
you time, money — help you achieve 
higher standards of performance. 
Let us prove it—on your project! 


Write for complete information 


ROCKWELL-STANDARD UY 


CORPORATION 





Joint Division, 


ea! 





Allegan, Mich 
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EVANS HEATERS 


ARE RIGHT 
FOR TRUCKS 
BECAUSE 
















Ce eeeeeeeesccesess EVANS eee eeeeeeeeeeeeeeeeseeseseees Cee e ee eeeeeeeseesseeseeeeeeeeee 
N isW R 

Dept. Z-6, Plymouth, Michigan Detroit, Chas. F. Murray Sales Co. « Allentown, Pa., P. R. Weidner 

PLYMOUTH, MICHIGAN 


EVANS PRODUCTS COMPANY -e« 
201 


SAE JOURNAL, JUNE, 1960 








vv 


SAE JOURNAL, JUNE, 1960 


SAE AUTOMOTIVE 
DRAFTING 






___. 8 Suceioe 


Society of Automotive Engineers, Inc., 485 Lexington Avenue, New York 17. N. Y. 


Please send me the new, third edition of the SAE Automotive Drafting Manual. 
‘ It is priced at $8.00 to members and $16.00 to non-members. 
NOTE: Please add 3% city sales tax for d liveries in New York City. 


CHECK OR COUPONS ENC. NAME_ 5 aa 
BILL COMPANY COMPANY a lie aa 

BILL ME COMPANY Alt 

FREE CHECKLIST OF SPECIAL __.FREE CHECKLIST OF CRC REPORTS 


PUBLICATIONS AND MEETINGS PAPERS 
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One of a series 


Higher Education for Computers 


“Let’s put the computer in at the start of a problem, rather than 


just having it buzz through the computations.” 


This is the approach being taken by computer specialists at 

the General Motors Research Laboratories as they explore ways of 
giving large-scale digital computers a greater role in the 

solution of problems. The object is to “teach” computers to 
apply the same rules men use in formulating, analyzing, and 


solving questions of modern science and engineering. 


\ recent outgrowth of this work is DYANA, GM Research’s new 
automatic analysis and programming system. DYANA is one of 
the first computer systems to “understand” declarative statements. 
For a large class of dynamic problems, the engineer can simply 
describe his physical system to the computer. The computer 


ficures out how to handle it. 


For the solution, DYANA automatically directs the computer to 
prepare a mathematical model of the system, to write its own 
program for solving the model, then to execute the program 


and compute the desired answers. 


The higher education of computers currently involves studies 
in symbol manipulation, problem-oriented languages, 


character and pattern recognition, and engineering simulation. 


Such advanced computer concepts are giving General Motors 
professional people more time for creative engineering and 
research—time to explore ideas and to develop “more and 


better things for more people.” 


General Motors Research Laboratories 
Warren, Michigan 


Comparison of program tapes 
for a vibrational problem 
expressed in DYANA language, 
in algebraic-oriented 

language, and in the basic 
machine language. 





THE “BEAUTY” OF REPUBLIC COLD DRAWN 
ALLOY STEEL in this drive pinion is strength 
and toughness needed to withstand severe 
torque, impact, and prolonged wear — plus 
the benefit of better machinability at reason- 
able cost. In addition to alloy, Republic 
offers cold drawn carbon, stainless, and 
titanium bars, 


THE “BEAUTY” OF REPUBLIC SPECIAL SECTIONS is that 
built-up, interlocking, or associated parts can be elimi- 
nated. Formed to the predominating cross section of the 
shape, Republic Cold Drawn Special Section Bars assure 
strong, one-piece parts .. . longer wearing parts that 
cost less to produce. Republic Special Sections are avail- 


able in carbon, alloy, and stainless steel. 


THE “BEAUTY” OF TITANIUM in North American 
Aviation’s X-15 research vehicle is its de- 
pendability under extreme high and low 


temperature fluctuations. Republic—the 


world's largest producer of stainless and alloy 
steels—is supplying type RS-110A titanium 
alloy for the X-15, 








machine language. 





ai 
“BEAUTY” 
o) 5 
aE ee 


..parts subjected to rough service prove it! 


Design and performance advantages unsurpassed by 
any other commercial metal ... that’s the “beauty” 
of stainless steel. 

Take wheel covers, for example, or any part that 
must stand up to rough, tough service. No need to 
over-design with stainless. The metal’s exceptionally 
high strength-to-weight ratio permits the use of 
lighter gages without sacrificing the strength needed 
to withstand denting and abrasion. And, no need 


uf 


REPUBLIC STEEL 
Werlttd Wiles Range 
of Studland, Stols anil, SCL Phodliol 


This STEELMARK of the American Steel Industry 
tells you a product is made of stainless steel. 
Look for it on the product you buy. 


for expensive platings or coatings to enhance the 
corrosion-resistance or stay-new-forever appear- 
ance of stainless. 

High-style, functional, easily formed stainless 
steel is supplied by Republic in more than 30 types 
for thousands of applications. Metallurgical service 
available to help you select, apply, and process. 
Mail the coupon for more information on the metal 
that does more than just go along for the ride. 


REPUBLIC STEEL CORPORATION 
DEPT. SA -9 140-A 
1440 REPUBLIC BUILDING + CLEVELAND 1, OHIO 


Please send more information on: 
0D Stainless Steel D Alloy Steel 
0 Titanium 0 Special Section Bars 
Have a metallurgist call: 
0 Stainless Steel 


D Alloy Steel 0 Titanium 
a 

Company 

Address 
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SPECIAL NOTICE — 
TO ALL PAST, PRESENT AND PROSPECTIVE EXHIBITORS IN 
SAE’s INTERNATIONAL EXPOSITION OF AUTOMOTIVE ENGINEERING 


PLAN NOW FOR YOUR MOVE 


TO DETROIT’S COBO HALL IN 1961... 
Here’s What Ward’s Automotive Reports Have to Say About the Move: 


SAE Annual Convention Booked at 
Detroit’s Cobo Hall, 1961-1965 


The Society of Automotive Engineers has engaged 
Detroit’s Cobo Hall for its annual conventions from 
1961 through 1965. 

The move will give SAE the opportunity of spon- 
soring what could be the most prominent automotive 
engineering display in the country and would un- 
doubtedly add authority to Detroit’s standing as the 
motor capital of the U.S. and heart of the industry. 

The modern Detroit Civic Center site, currently 
under construction in the city’s bustling downtown 
waterfont section, is scheduled for opening in August, 
1960. 

January Dates Set 

The SAE business dates firmed up at this time for 
the 1961-1965 conventions are: 1961 Jan. 9-13; 
1962 — Jan. 8-12; 1963 Jan. 14-18; 1964 — Jan. 
13-17; 1965 — Jan. 11-15. 

Cobo Hall will provide the SAE sessions with 
400,000 sq. ft. of exhibit space contrasted to just 
over 10,000 sq. ft. at Detroit’s Sheraton-Cadillac 
Hotel, where the January meeting was held this year. 

Membership Swells 


It would not be unlikely that SAE will rent exhibit 
space during its convention to various trades con- 
nected with the auto industry for individual expo- 
sitions. 

Textile manufacturers and leather firms would be 
able to set up equipment to detail their fabric-making 
processes; rubber makers could show how a tire is 
made; similar exhibits could be allotted to the re- 
placement parts business; car manufacturers, them- 
selves, might devise cutout working models of engines 
or even entire automobiles or trucks in simulated 
motion. 

The whole SAE affair could, in fact, house minor 
conventions for just about every engineering trade 
allied with the automotive and accessories business. 

SAE’s expanding membership has been a primary 
factor in the society’s search for larger convention 
quarters. As of Jan. 1, there were 23,000 members, 
with the count swelling every month. 

Excerpt—Wards Automotive Reports 
March 30, 1959 


HERE’S WHAT 

YOUR 1961 
AUTOMOTIVE 
MARKET PLACE 
LOOKS LIKE: 


Why Not an Automotive Engineering 
World’s Fair at Detroit’s Cobo Hall 


Such a structure as Cobo Hall, situated as it is in 
the manufacturing heart of the auto industry, could 
be a perfect place for a gigantic technical exhibition 
—practically a world’s fair of automotive engineer- 
ing — sponsored by the Society of Automotive 
Engineers. 

What a progressive industrial advance would be 
made by SAE’s promotion of a colossal automotive en- 
gineering convention-exhibit, particularly with such 
a valuable location as Cobo Hall available! 

Suppliers Could Participate 

Parts makers, rubber and tire firms, textiles and 
leather companies, the metals trades — all of these 
groups and everyone else with a piece of automotive 
equipment to show or sell could be provided with the 
space sufficient to properly present and if necessary, 
demonstrate his advanced design product. 

Cobo Hall’s foundations are strong enough to hold 
heavy equipment such as huge body element stamping 
presses and various types of rugged metal working 
machines. The machinery could turn out stampings 
or tools right in the exhibit area. 

If SAE could come up with such a spectacle it 
would certainly sweep crowds into Detroit, throngs 
from various areas of industry and business. The 
affair could, in fact, house minor conventions for 
every technical trade allied with the auto and acces- 
sories field. 

SAE selected Cobo Hall for 1961 and subsequent 
conventions not only because of its vast exhibit area 
but for other accommodations as well, including 
several meeting rooms that seat over 500 persons and 
a banquet and adjacent room that can hold and serve 
over 5,000. Excerpt—Ward’s Automotive Reports 
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VALUABLE 
DESIGN 
ASSISTANCE 


Peeters l-l- al el ls oat 
tailed data, specifications, 
for light, medium, heavy 
duty PTO Joints & Drives 
2. Yoke drawings for design 
\ tracing, plus data sheets. 
i 3. Engineering assistance. 
tt Mey a ME) littl 


Do you want 


An SAE Emblem 


for your Lapel? 


Distinguishes you 
as an SAE member 


Is an attractive 
gold-filled clutch- 
back pin 


Costs only $1.50 


plus 

15¢ Federal tax for delivery 
in the United States and 5¢ 
sales tax for delivery in 
New York City 


GOLD on BLUE . _..... Member Grade 
GOLD on RED Associate Grade 
GOLD on WHITE _.... Junior Grade 


Order from: 
Society of Automotive Engineers 
485 Lexington Ave., New York 17, N. Y. 


MECHANICAL 
DESIGN ENGINEERS 


Earthmoving experience, with successful record 
in design and development of heavy mechanical 
equipment, crawler tractors, bulidozers, winches 
and tractor attachments. 
R Work includes layout and design of heavy ma- 
chinery for construction and mining. 
Permanent positions open, for those qualified, 
with one of the nation’s fastest growing heavy 
machinery manufacturers. 
Location ~— Salt Lake City, Utah — in the moun- 
tain West here \ Ca breathe clean air, 
and drive from home to work in less than 20 
minutes 
Send Complete Information ond 


photogroph to Dept. SXB 


THE EIMCO CORPORATION 


. P O Box 300, Solt Lake City 10. Utah 
"es B 446 
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NYA 


Registered No. 763106 


OIL. 
SEALS 


High quality, British-made Seals, manufactured in 

Synthetic Rubber or Leather. The product of long. 

specialised experience—these Seals are designed 
to ensure complete 
satisfaction in all 
engineering 
applications. 


Enquiries to: 


CHARLES WESTON of CANADA LTD 


1001, Beaumont Avenue, Montreal, Quebec. 
Distributors for British and European cars: 
United States: Canada: 

Johnson Bronze Company, Lansair Ltd., 

Newcastle, Pennsylvania. 1001, Beaumont Avenue, 
Montreal, Quebec. 
Branches:—Toronto: 
Winnipeg: Vancouver. 





DESIGN FOR 
LESS WEIGHT AND 


LONGER LIFE IN YOUR 
PRODUCT WITH 


N-AX HIGH-TENSILE 





You can design light weight, longer life, and economy into 

your products by including N-A-X HIGH-TENSILE in your 

plans and specifications. This versatile, corrosion-resisting, 

low-alloy, high-strength steel has many attractive features 

of special value to designers and manufacturers. For example: 

It is 50% stronger than mild carbon steel. 

It offers superior resistance to atmospheric corrosion. 

It has high fatigue life and great toughness. 

It has greater resistance to abrasion or wear. A PRODUCT OF 


It has great paint adhesion, with less underfilm corrosion. 

It is readily welded by any process. GREAT LAKES STEEL 
It is stable against aging. 

It polishes to a high luster at minimum cost. Detroit 29, Michigan 

It can be cold formed readily into difficult stampings. 


With its many diversified applications in modern metal 
design, it will pay you to investigate N-A-X HIGH-TENSILE 

for savings in weight, in production time and for longer 
product life. A thoroughly competent metallurgical service 
organization is available to work with you on any application 
problem you may have. Write, wire or phone Product 
Development Department, Great Lakes Steel Corporation, 
Detroit 29, Michigan. 


Great Lakes Steel is a Division of NATIONAL STEEL CORPORATION 
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+ INDEX TO ADVERTISERS + 


A 


AC Spark Plug Div., 
General Motors Corp. 
Aetna Ball & Roller Bearing Co 
Div. Parkersburg-Aetna Corp 
AiResearch Mfg. Corp. 
Albert Trostel Packings, Ltd 
Allegheny Ludlum Steel Corp 
American Brakeblok Div 
American Brake Shoe Co 
American Sealants Co. 
AMP, Incorporated 
Armco Steel Corp 
Associated Spring Corp 
Automotive Gear Div. 
Eaton Mfg. Co. 
Auto Radiator Mfg. Co. 


B 


Bearings Company of America 


Bendix Corp. 18, 


Eclipse Machine — Starter Drive 

Eclipse Machine — Stromberg 
Carburetor 

Products (General Sales) 

Bendix Westinghouse Automotive 
Air Brake Co. 177, 

Bethlehem Steel Co. 

Bower Roller Bearing Div. 
Federal-Mogul-Bower Bearings, 
Inc. 

Bundy Tubing Co. 184, 


Cc 


Chicago Rawhide Mfg. Co. 166, 
Chicago Screw Co. 
Div. Standard Screw Co 
Clark Equipment Co. 
Automotive Div. 
Continental Aviation & 
Engineering Corp. 
Corning Glass Works 


D 


Delco Radio Div. 
General Motors Corp. 
Detroit Steel Products 
Div. of Fenestra, Inc. 
Doehler-Jarvis Div. 
National Lead Co. 
Dow Corning Corp. 


E 


Eaton Mfg. Co. 
Axle Div. 
Spring Div. 
Valve Div. 
Eimco Corp. 
Enjay Chemical Co., Inc. 
Evans Products Co. 
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F 


Fairfield Mfg. Co., Inc. 
Federal-Mogul Div., Federal- 
Mogul-Bower Bearings, Inc. 
Firestone Tire & Rubber Co. . 192, 
Fuller Mfg Co. 
Subsidiary Eaton Mfg. Co. 


G 


Garlock Packing Co. 154 
General Motors Corp. 203 
Gillett & Eaton, Inc. 199 
B. F. Goodrich Aviation Products 186 
Goodyear Tire & Rubber Co. 

Metal Products 8, 9 
Great Lakes Steel Corp. 208, 209 


H 


Holcroft & Company 
Hooker Chemical Corp. 
Houdaille Industries, Inc. 


International Harvester Co. 


J 


Johnson Bronze Co. 


K 


Kelsey Hayes Co. 


L 


Lipe Rollway Corp. 


M 


McLouth Steel Corp. 
McQuay-Norris Mfg. Co. 
126, 127, 128, 
Marlin-Rockwell Corp. 
Mather Spring Co. 
Mechanics Universal Joint Div. 
Borg-Warner Corp. 
Midland-Ross Corp. 
Molded Fiber Glass Body Co. 
Monroe Auto Equipment Co. 
Morse Chain Co., Div. 
Borg-Warner Corp. 
“A Borg-Warner Industry” 124, 


N 


Nadella 
National Seal Div., Federal- 
Mogul-Bower Bearings, Inc. 
Neapco Products, Inc. 
New Departure Div. 
General Motors Corp. 


Oo 


Oakite Products, Inc. 
Olin Mathieson Chemical Corp 


P 


Packard Electric Div. 

General Motors Corp. 191 
Palnut Co., Subsidiary 

United-Carr Fastener Corp. 130 
Perfect Circle Corp. 188, 189, 2nd Cover 
Plastic & Rubber Products Co. 146 


R 


Raybestos-Manhattan, Inc. 
Adhesives Dept. 
Equipment Sales Div. 

Reichhold Chemicals, Inc. 

Republic Steel Corp. 

Rochester Products Div. 
General Motors Corp. 

Rockford Clutch Div. 
Borg-Warner Corp. 

Rockwell Standard Corp. 
Brake Div. 

Universal Joint Div. 


Ss 


Sealed Power Corp. 
Sharon Steel Corp. 
Shell Chemical Co. 
Shell Oil Co. 
Silicones Div. 
Union Carbide Corp. 
Stackpole Carbon Co. 
Stolper Steel Products Corp. 


T 


Timken Roller Bearing Co. . 4th Cover 
The Torrington Co. 22 


U 
United-Carr Fastener Corp. 
U. S. Rubber Co., (Naugatuck 


Chemicals) 121, 158, 
United States Steel Corp. 


V 


Vanadium Corp. of America 
Vellumoid Co. 


Ww 


Wagner Electric Corp. 12 
Waukesha Motor Co. 137 
Wausau Motor Parts Co. 3rd Cover 
Webster Electric Co. 4 
West Bend Aluminum Co. 142 
Western Felt Works ; 10 
Charles Weston & Co., Ltd. 207 
Wyman Gordon Co. ; 149 
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EATON SPRINGS 


An Important Part of Today's Ride 
—and Tomorrow's Ride, Too! 


Eaton Chassis Springs are important factors in the smooth, stable Chassis Leaf Springs 
ride of today’s motor cars and trucks, and in spring life and de- 

Ris a . fe P 8g . : Coil Springs (Hot Coiled and Cold Formed) 
pendability. We are planning equally important contributions in 
providing an even better ride for the vehicles of the future. 

Toge 2 E Spring Division an > ri Perch ; 
| Together, the Eaton S; ing ion a d the Spring Perc Gyrinn Chek Mian diac iitaiaiai 
Company, a wholly owned Eaton subsidiary, are one of the coun- 
try’s largest spring suppliers. This is important; it makes possible 
our ability to meet delivery commitments, and to provide the many 
J J E 3 / Rotary Mower Blades 
advantages of large volume production and material procurement. 
Equally important is our ability to provide engineering assistance, 
suspension design, and a full scale program of research and devel- 
opment in metallurgy and testing techniques. 
Eaton engineers will welcome an opportunity to discuss your 
spring and suspension problems, and also to work with you in the 
production of prototypes and test samples. Write, wire, or phone. 


SPRING DIVISION 
* ah MANUFACTURING COMPANY 
9771 FRENCH ROAD «+ DETROIT 13, MICHIGAN 


SAE JOURNAL, JUNE, 1960 211 


Engine Vaive Springs 


Flexible Control Wires 





Stainless steel 


takes all kinds of punishment! There’s almost no day-to-day abuse that stain- 
less steel can’t take! It doesn’t peel . . . it stands up to denting, scratching, heat and corrosion, and still 
retains its deep-down beauty. No other commercially available metal offers so much . . . to everyone. 
And the very best stainless steels are made with Vancoram Ferroalloys. Vanadium Corporation of 


America, 420 Lexington Avenue, New York 17, N. Y. * Chicago + Cleveland + Detroit + Pittsburgh 


=) CORPORATION OF AMERICA og 
YY Producers of alloys, metals and chemicals eT eee 
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lf you're thinking about 


METALLIC 
SEALING 
RINGS 


... these WAUSAU facts may help you 


1. You can get just about any kind from WAUSAU, 
in a wide range of types and sizes, made to your 
designs or to standard specifications. 

2. WAUSAU engineers know sealing ring problems 
in almost every type of application, including auto- 
matic transmissions, power steering and hydraulics. 
WAUSAU is one of the oldest pioneers in the Seal- 
ing Ring field. 

3. WAUSAU has a fine reputation for quality and 


AMERICA’S MOST MODERN PISTON RING PLANT © PISTON RINGS ©° 


service. 
processes quality confrolled at every stage. 


4. The new WAUSAU factory is considered one of 


today’s most modern and advanced. 


5. You can call upon WAUSAU’S experience and 
its accumulation of technical data to help you solve 
i Your in- 


your sealing ring development problems. 
quiry will receive prompt, personal attention. 


WAUSAU 


MOTOR PARTS COMPANY 
Manufacturers 
2600 Eau Claire St. « Schofield, Wis. 





All production is by new machinery and 


© — PRECISION PRODUCTS 


CAN YOU 
SPOT THE 
DIFFERENCE 
IN THESE 
FORGED STEEL 
PARTS 


You could look a long time 
before you’d spot any im- 
portant difference in these 
two rock bit bodies. They’re 
rough forgings, but they’re 
uniform throughout. That's 
because they’re made from 
Timken” fine alloy steel forg- 
ing bars. Timken steel is 
uniform in structure, chem- 
istry and dimension from 
order to order and it’s this 
exceptional uniformity that 
cuts out costly interruptions 
in your forging operations 
for adjustment of equipment. 
What's more, high quality is 
yours in every order of 
Timken steel. Research, in- 
dividual handling of your 
order, careful inspection and 
expert care assure this. 
When you buy Timken 
steel you get: 1) Quality 
that’s uniform from heat to 
heat, bar to bar, order to 
order—targeted to your end- 
use. 2) Service from the ex- 
perts in specialty steels. 3) 
Over 40 years experience in 
solving tough steel problems. 
May we solve yours? Call or 
write: The Timken Roller 
Bearing Company, Steel and 
Tube Division, Canton 6, 
Ohio. Cable: ““TIMROSCO”’. 
Makers of Tapered Roller 
Bearings, Fine Alloy Steel 
and Removable Rock Bits. 





